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(54) Propylene polymer compositions 

(57) A propylene polymer conposition comprises a 
propylene polymer (A1) prepared by using a metal- 
locene catalyst and having a melt flow rate (MFR) of 
0.01 to 30 g/10 min and a propylene polymer (A2) pre- 
pared by using a metatlocene catalyst and having a melt 
flow rate (MFR) of 30 to 1 .000 g/1 0 min and. if desired, 
a soft polymer, a ratio [(A2)/(A1)] of the MFR of said pro- 
pylene polymer (A2) to the MFR of saki propylene poly- 
mer (A1) being not less than 30. 

A propylene polymer conposition comprising a pro- 
pylene polymer prepared by using a titanium catalyst 
and having MFR of 0.01 to 30 g/10 min and the above- 
mentioned propylene polymer (A2) and, if desired, a 
soft polymer. 

A propylene polymer composition comprising a pro- 
pylene polymer prepared tjy using a titanium catalyst 
and having MFR of 0.01 to 50 g/10 min and an ethyl- 
ene/olefin random copolymer prepared by using a met- 



allocene catalyst. 

A propylene polymer composition comprising a pro- 
pylene polymer prepared by using, a catalyst containing 
a specific metallocene compound and at least one syn- 
tiietic resin selected from a propylene polymer different 
from the above propylene polymer, an otefh elastomer 
and an olefin polymer. 

These propylene polymer compositions are excel- 
lent in heat resistance, mechanical strength, tensile 
elongation at break, etc., and hence tiiey can be favora- 
bly used fbr various structural materials such as those 
of automobiles and electrical appliances, daily neces- 
saries, various films and sheets. 
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DdscripUon 

FIELD OF THE INVENTION 

5 The present invention relates to propylene polymer conrpositions each comprising two kinds of propylene polymers 
and to propylene polymer compositions each comprising a propylene polymer and other olefin (co)polymer. 

BACKGROUND OF THE INVENTION 

10 Propylene polymers have been conventionally molded by various molding methods and the molded articles are 
applied to extensive uses. 

The propylene polymers are generally prepared using a catalyst comprising a transition metal compound and an 
organoaluminum compound, i.e., so-called Ziegler catalyst. 

Propylene polymers prepared by the use of a titanium catalyst containing a halogen-containing titanium catalyst 
15 component among the Ziegler catalysts are excellent in moldability and rigidity, but they have such problems that they 
are poor In tensile elongation at break. Moreover, the titanium catalyst causes a large amount of a catalyst resklue in 
the resulting polymer because of low polymerizatton activities, and hence the molded article is sometimes colored a 
deteriorated in sanitariness. 

On the other hand, propylene polymers prepared by the use of a metallocene catalyst containing a transition metal 
20 compound catalyst component such as zirconocene are excellent in tensile elongation at break, but they have such 
problems that they are poor in mokfability and rigk:lity (f texural modulus). As for the metaltocene catalyst, however, the 
amount of the catalyst residue is small because of high polymerizatfon activities, and the molded article is never colored 
and is good in sanitariness. 

Though the characteristics required for the propylene polymers vary depending on the mokling methods or uses, 

25 generally required are mokJability, heat resistance, mechanical strength, high tensile efongation at breaK impact resist- 
ance, etc. For satisfying these requirements, researches on various compositions such as a composition obtained by 
blending two or more kinds of propylene polymers and a composition obtained by blending a propylene polymer and 
other synthetic resin have been made. 

For example, blending of two kinds of propylene polymers whtoh are different in the molecular weight has been car- 

30 ried out in order to improve physical properties of the propylene polymers prepared by the use of a titanium catalyst. 
However, when two kinds of propylene polymers produced by the use of a titanium catalyst are blended to prepare a 
propylene polymer composition, the tensile elongation at break of the resulting composition is markedly lowered, 
though the moMability thereof is improved. 

Further, adding of a soft polymer to a propylene pdymw which is prepared by the use of a titanium catalyst has 

35 been carried out in order to improve the tensile elongation at break and tiie Impact resistance of the propylene polymer. 
The soft polymer used therefor is, for example, an ethylene/propylene random copolymer prepared by the use of a tita- 
nium catalyst or a vanadium catalyst. However, even if the propylene polymer prepared by the use of a titanium catalyst 
is blended with the ethylene/pro^ene random copolymer prepared by the use of a titanium catalyst or the like, the 
resulting composition is not sufficiently improved in the tensile elongation at break and the impact resistance. 

40 As described above, the conventional propylene polymer conpositions are not always satisfactory in the properties 
such as heat resistance, mechanical strengtii and tensile efongation at break. 

OBJECT OF THE INVENTION 

45 The present invention has been accomplished in the light of the foregoing prior art technique, and an object of the 
present invention is to provide propylene polymer compositions which are excellent in heat resistance, mechanical 
strength, tensile elongation at breaK etc. as compared witii tiie conventional propylene polymers or propylene polymer 
compositions. 

so SUMMARY OF THE INVENTION 

The first propylene polymer composition of ttie inventfon comprises: 

(A1) a propylene polymer, in an amount of 10 to 90 % by weight, which is characterized in that: 

55 

(1) the propylene polymer is ok>tained by polymerizing propylene in the presence of an olefin polymerization 
catalyst comprising: 
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(i) 

(a) a compound of a Group IVB transition metal in the periodic table containing a ligand having a 
cydopentadienyl skeleton, and 

(li) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(c) a compound which reacts with the transition metal compound (a) to form an ion pair. 

(2) the propylene polymer has a melt flow rate (MFR). as measured at 230 ''C under a load of 2.16 kg, of 0.01 
to30g/10m!n. and 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation chro- 
matography (GPC), of 2 to 3; and 

(A2) a propylene polymer, in an amount of 10 to 90 % t)y weight, which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization 
catalyst comprising: 

(i) (a) a compound of a Group IVB transition metal in the perkxJic table containing a ligand having a 
cydopentadienyl skeleton, and 

. (ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(c) a compound which reacts with the transition metal compound (a) to fonn an ion pair. 

(2) the propylene polymer has a melt flow rate (MFR). as measured at 230 ""C under a load of 2.16 kg, of 30 to 
1,000 g/10 min, and 

(3) the propylene pdymer has a nrK)lecular weight distribution (Mw/Mn), as measured by gel permeation chro- 
matography (GPC). of 2 to 4; 

a ratio ((A2)/(A1)) of tfie MFR of saki propylene polymer (A2) to the MFR of sM propylene polymer (A1) 
being not less than 30. 

Such propylene polymer composition is excellent in not only heat resistance, rigklity and tensile elongation at break 
but also mddability. 

The second propylene polymer composition of the Invention comprises: 

(A1) a propylene polymer, in an amount of 10 to 90 parts by weight which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization 
catalyst comprising: 

(i) (a) a compound of a Group IVB transition metal in the perkxjk: table containing a ligand having a 
cydopentadienyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(c) a compound which reacts with the transition metal compound (a) to fomi an ion pair, 

(2) the propylene polymer has a melt flow rate (MFR), as measured at 230 under a load of 2.1 6 kg. of 0.01 
to 30 g/10 min. and 

(3) the propylene polymer has a molecular weight distributbn (Mw/Mn), as measured by gel permeation chro- 
matography (GPC). of 2 to 3; 

(A2) a propylene polymer, In an amount of 10 to 90 parts by weight, which is characterized in that: 
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(1) the propylene polymer is obtained by polymerizing propylene In the presence of an olefin polymerization 
catalyst comprising: 

(i) (a) a compound of a Group IVB transition metal in the periodic table containing a llgand having a 
cyclopentadienyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-conrtpound. and 

(c) a compound which reacts with the transition metal compound (a) to form an Ion pair. 

(2) the propylene polymer has a meK flow rate (MFR). as measured at 230 ""C under a load of 2. 16 kg. of 30 to 
1,000 g/IOmin. and 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn). as measured by gel permeation chro- 
matography (QPC). of 2 ID 4; and 

(B) a soft polymer in an amount of 3 to 30 parts by weight; 

a ratio ((A2)/(A1)) of the MFR of said propylene polymer (A2) to the MFR of said propylene polymer (A1) being 
not less than 30. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability and Impact resistance. 

The third propylene polymer composition of the invention comprises: 

(A3) a propylene polymer, In an amount of 10 to 90 % by weight, which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization 
catalyst comprising: 

(d) a solid titanium catalyst component, and 

(e) an organometallic compound catalyst component, 

(2) the propylene polymer has a melt flow rate (MFR). as measured at 230 ''C under a load of 2. 1 6 kg, of 0.01 
to30g/10min,and 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation chro- 
matography (GPC), of 4 to 15; and 

(A2) a propylene polymer, in an amount of 90 to 10 % by weight, which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization 
catalyst comprising: 

(i) (a) a compound of a Group IVB transition metal In the periodic table containing a ligand having a 
cyclopentadienyl skeleton, and 

(11) at least one compound selected from the ^'oup consisting of 

(b) an organoaluminum oxy-compound. and 

(c) a compound which reacts with the transition metal compound (a) to form an ion pair, 

(2) the propylene polymer has a melt ftow rate (MFR), as measured at 230 ''C under a load of 2.16 1^, of 30 to 
1.000 g/10 min, and 

(3) the propylene polymer has a ntolecular weight distribution (Mw/Mn), as measured by gel permeation chro- 
matography (GPC), of 2 to 4. 

Such propylene polymer composition Is excellent In not only heat resistance, rigidity and tensile elongation at break 
but also moldability. 

The fourth projpytene polymer composition of the invention comprises: 
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(A3) a propylene polymer, in an amount of 10 to 90 parts by weight which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an ol^in polymerization 
catalyst comprising: 

(d) a solid titanium catalyst component, and 

(e) an organometallic compound catalyst component 

(2) the propylene polymer has a melt flow rate (MFR). as measured at 230 ''C under a load of 2.16 kg. of 0.01 
to 30 g/IOmin, and 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation chro- 
matography (GPC), of 4 to 15; 

(A2) a propylene polymer, in an amount of 90 to 10 parts by weight which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization 
catalyst comprising: 

(i) (a) a compound of a Groif) IVB transition metal in the periodic table containing a ligand having a 
cyclopentadienyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

(b) an organocUuminum oxy-compound. and 

(c) a compound which reacts with the transition metal compound (a) to form an ion pair, 

(2) the propylene polymer has a melt f tow rate (MFR). as measured at 230 ^'C under a load of 2.16 kg, of 30 to 
1.000 g/10 min, and 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation chro- 
matography (GPC). of 2 to 4; and 

(B) a soft polymer in an amount of 3 to 30 parts by weight 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldabilrty and impact resistance. 

The fifth propylene polymer composition of the invention comprises: 

(A4) a propylene polymer, in an amount of 50 to 97 % by weight, which is characterized In that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization 
catalyst comprising: 

(d) a solid titanium catalyst component, and 

(e) an organometallk: compound catalyst conponent 

(2) the propylene polymer has a melt flow rate (MFR), as measured at 230 under a load of 2.1 6 1^, of 0.01 
to 50 g/10 min, 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation chro- 
matography (GPC). of 4 to 15. and 

(4) the propylene polymer has a crystallinity, as measured by X-ray diffractometry, of not less than 50 %; and 

(C) an ethylene/olefin random copolymer, in an amount of 3 to 50 % by weight, which is characterized in that: 

(1) the copolymer is obtained by copolymerlzing ethylene and at least one monomer selected from a-olefins of 
3 to 20 carbon atoms and polyenes of 5 to 20 carbon atoms in the presence of an olelin polymerization catalyst 
comprising: 

(i) (f) a compound of a Group IVB transition metal in the periodic table containing a ligand having a 
cyclopentadienyl skeleton, 
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Cii) at least one conrpound selected from the group consisting of 
(b) an orgfmoaluminum oxy-compound. and 

(g) a conpound which reacts with the transition metal compound (f) to form an ion pair, 

(2) the copolymer contains constituent units derived from ethylene in an amount of 20 to 80 % by mol, and 

(3) the copolymer has an intrinsic viscosity [r\i, as measured in decalin at 135 "C, of 1 .5 to 5 dl/g. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also impact resistance, particularly low-temperature impact resistance. 
The sixth propylene polymer composition of the invention conprises: 

(A5) a propylene homopolymer. in an amount of 5 to 95 % by weight, which is obtained by polymerizing propylene 
in the presence of an olefin polymerization catalyst conprising: 

(i) (h) a transition metal compound represented by the following formula (I), and 
(ii*) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to fonn an ion pair; and 

(A6) a propylene polymer, in an amount of 5 to 95 % by weight, which contains constituent units derived from pro- 
pylene in an amount of not less than 90 % by mol and is different from the propylene homopolymer (A5): 



wherein M is a transition metal of Group IVa. Group Va or Group Via of the periodic table: is a hydrocarbon 
group of 2 to 6 cartx)n atoms; is an aryt group of 6 to 16 cartoon atoms which may be substituted with a halogen 
atom or a hydrocarbon group of 1 to 20 carbon atoms; and are each a hydrogen atom, a halogen atom, a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen- 
containing group or a sulfur-containing group; Y is a divalent hydrocartx>n group of 1 to 20 carbon atoms, a divalent 
halogenated hydrocartx>n group of 1 to 20 cartoon atoms, a divalent silicon-containing group, a divalent germanium- 
containing group, a divalent tin-containing group, -G-, -CO-. -S-. -SO-, -SO2-. -NR^-. -P(R^)-, -P(0)(R3)-. -BR^- or 
-AIR^- (R^ is a hydrogen atom, a halogen atom, a hydrocartsbn group of 1 to 20 carbon atoms or a halogenated 
hydrocarbon group of 1 to 20 carbon atoms). 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability. 

The seventh propylene polymer composition of the inventran comprises: 

(AS) a propylene homopolymer. in an amount of 5 to 95 % by weight, which is obtained by polymerizing propylene 
in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 

(ii) at least one compound selected from the group consisting of 




M 




(I) 



(b) an organoaluminum oxy-oompound, and 
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(/) a compound which reacts with the transition metal compound (h) to tomi an ion pair; and 

(D) an olefin elastomer. In an amount of 5 to 95 % by weight, which is characterized in that: 

(1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 cartxm 
atoms and polyenes of 5 to 20 carton atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by wol and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ""C. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also impact resistance. 

The eighth propylene polymer cornposition of the invention comprises: 

(AS) a propylene homopolymer. in an amount of 5 to 95 % by weight, which is obtained by polymerizing propylene 
in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(I) a compound which reacts with the transition metal compound (h) to form an ion pair; and 

(E) an olefin polymer, in an amount of 5 to 95 % by weight, which contains constituent units derived from one mon- 
omer selected from the group consisting of ethylene, butene and 4-m6thyl-1 -pentene in an anxxjnt of not less than 
90%bymol. 

Such propylene polymer composition is excellent in heat resistance, rigidity and tensile elongation at break. 
The ninth propylene polymer composition of the invention comprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
% by nrx}l and is different from the propylene homopolymer (A5); and 
(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 cartson 
atoms and polyenes of 5 to 20 cartxsn atoms. 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol. and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 *C; 

said propylene polymer composition containing the propylene homopolymer (A5) in an amount of 5 to 
95 % by weight, the propylene polymer (A6) in an amount of not wore than 95 % by weight and the olefin elas* 
tomer (D) in an amount of not more than 95 % by weight. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability and impact resistance. 

The tenth propylene polymer composition of the invention comprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 
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(i) (h) a transition metal compound represented by the above formula (Q. and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 
5 (/) a compound which reacts with the transition metal compound (h) to form an ion pair; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
% t)y mol and is different from the propylene homopolymer (A5); and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
to ing of ethylene, butene and 4-methyl-1-pentene in an amount of not less than 90 % by mol; 

said propylene polymer composition containing the propylene homopolymer (A5) in an amount of 5 to 95 % 
by weight, the propylene polymer (A6) in an amount of not more than 95 % by weight and the olefin polymer (E) in 
an amount of not more than 95 % by weight. 

IS Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldabil'rty. 

The eleventh propylene polymer composition of the invention comprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
20 zation catalyst comprising: 

(1) (h) a transition metal compound represented by the above formula (I), and 
(ii) at least one compound selected from the group consisting of 

25 (b) an organoaluminum oxy-conrpound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair; 

(D) an olefin elastomer which is characterized in that: 

30 (1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 cartxxi 

atoms and polyenes of 5 to 20 carbon atoms. 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol. and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 1 0 "C; and 

35 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyl-1 -pentene in an amount of not less than 90 % by mol; said propylene 
polymer composition containing the propylene honfX}polymer (A5) in an amount of 5 to 95 % by weight, the olefin 
elastomer (D) In an amount of not more than 95 % weight and the olefin polymer (E) in an amount of not more 

40 than 95 % by weight. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also impact resistance. 

The twelfth propylene polymer composition of the invention comprises: 

45 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 
so (ii) at least one oonrpound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(0 a compound which reads with the transition metal compound (h) to form an ion pair; 

55 (A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
% by mol and is different from the propylene homopolymer (A5); 
(D) an olefin elastomer which is characterized in that: 
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(1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 cart}on 
atoms and polyenes of 5 to 20 cart)on atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ^'C; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-m6thyl-1-pentene in an amount of not less than 90 % by mol; 

said propylene polymer composition containing the propylene homopolymer (A5) in an amount of 5 to 95 % 
by weight, the propylene polymer (A6) in an amount of not more than 95 % weight, the olefin elastomer (D) in 
an amount of not more than 95 % by weight and the olefin polymer (E) in an amount of not more than 95 % by 
weight. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability and impact resistance. 

The thirteenth propylene polymer composition of the invention comprises: 

(AT) a propylene copolymer, in an amount of 5 to 95 % by weight, wNch is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from 
ethylene and a-olef ins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above fbmiula (I), and 
(iO at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts witii the transition metal compound (h) to form an ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an amount of not less than 
90% by mol; and 

(A6) a propylene polymer, in an amount of 5 to 95 % by weight, which contains constituent units derived from pro- 
pylene in an amount of not less than 90 % by mol and is different from the propylene copolymer (AT). 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability. 

The fourteenth propylene polymer composition of ttie invention comprises: 

(AT) a propylene copolymer, in an antount of 5 to 95 % by weight, which is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from 
ethylene and a-olefins of 4 to 20 cartx)n atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transitton metal compound represented by tiie above formula (Q. and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(/) a compound which reacts witii the transition metal compound (h) to form an Ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an amount of not less ttian 
90 % by mol; and 

(D) an olefin elastomer, in an amount of 5 to 95 % by weight, which is characterized in tiiat: 

(1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 cartx)n 
atoms and polyenes of 5 to 20 cartx)n atoms, 

(2) the elastomer contains constituent units derived from etiiylene, propylene, butene or 4-mettiyl-1-pentene in 
an amount of less than 90 % by mol, and 
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(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ""C. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also impact resistance 

The fifteenth propylene polymer composition of the invention comprises: 

(AT) a propylene copolymer, in an amount of 5 to 95 % by weight, which is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from 
ethylene and a-olefins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (1), and 

(ii) at least one con^und selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(/) a compound which reacts with the transition metal confipound (h) to fbrm an ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an amount of not less than 
90 % by md; and 

(E) an olefin polymer, in an amount of 5 to 95 % by weight, which contains constituent units derived from one mon- 
omer selected from the group consisting of ethylene, butene and 4-methyl-l -pentene In an amount of not less than 
90%bymol. 

Such propylene polymer composition is excellent in heat resistance, rigidity and tensile elongation at break. 
The sixteenth propylene polymer composition of the invention comprises: 

(AT) a propylene copolymer which is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from 
ethylene and a-olefins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 
00 at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an amount of not less than 
90%bymol: 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
% by mol and is different from the propylene copolymer (AT); and 
(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 cartxm 
atoms and polyenes of 5 to 20 cart)on atoms. 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene In 
an anrK>unt of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ^'C; 

said propylene polymer composition containing the propylene copolymer (AT) in an amount of 5 to 95 
% by weight, the propylene polymer (A6) in an amount of not more than 95 % by weight and the olefin elas- 
tomer (D) in an amount of not more than 95 % by welghit. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability and Impact resistance. 

The seventeenth propylene polymer oonrposition of the invention comprises: 
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(AT) a propylene copolymer which is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from 
ethylene and a-olefins of 4 to 20 cart>on atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an amount of not less than 
90%bymol; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
% by mol and is different from the propylene copolymer (AT); and 

(E) an olefin polymer which contains constituent units derived from one monovner selected from the group consist- 
ing of ethylene, butene and 4-methy1-1 -pentene in an amount of not less than 90 % by mol; 

said propylene polymer composition containing the propylene copolymer (AT) in an amount of 5 to 95 % by 
weight, the propylene polymer (A6) in an amount of not more than 95 % by weight and the olefin polymer (E) in an 
amount of not more than 95 % t>y weight. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
txjt also moldability. 

The eighteenth propylene polymer composition of the invention comprises: 

(AT) a propylene copolymer which is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from 
ethylene and a-olefins of 4 to 20 carbon atoms in the presence of olefins polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-oompound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an anx)unt of not less than 
90%bymol; 

(D) an olefin elastomer which is characterized in that: 

(1) the elastomer Is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 cart>on 
atoms and polyenes of 5 to 20 cartx)n atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyt-1 -pentene in 
an amount of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ''C; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyl-1 -pentene in an amount of not less than 90 % by mol; 

said propylene polymer composition containing the propylene copolymer (AT) in an amount of 5 to 95 % by 
weight, the olefin elastomer (D) in an amount of not more than 95 % by weight and the olefin polymer (E) in an 
amount of not more than 95 % by weight. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also impact resistance. 

The nineteenth propylene polymer composition of the invention comprises: 



11 



EP0841373A2 



(AT) a propylene copolymer which is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-otefin selected from 
ethylene and a-olef ins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the above formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an amount of not less than 
90%by mol; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
% by mol and is different from the propylene copolymer (AT); 

(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 carbon 
atoms and polyenes of 5 to 20 cartx)n atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1i3entene in 
an amount of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ""C; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyt-1 -pentene in an amount of not less than 90 % by mol; 

said propylene polymer composition containing the propylene copolymer (AT) in an anrK>unt of 5 to 95 % by 
weight, the propylene polymer (A6) in an amount of not more than 95 % by weight, the olefin elastomer (0) in an 
amount of not more than 95 % by weight and the olefin polymer (E)*in an amount of not more than 95 % by weight. 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability and impact resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view illustrating steps of a process for preparing an olefin polymerization catalyst which is used for the 
preparation of the propylene polymer (A1) and the propylene polymer (A2). 

Fig. 2 is a view illustrating steps of a process for preparing an olefin polymerization catalyst which is used for the 
preparation of the propylene polymer (A3) and the propylene polymer (A4). 

Fig. 3 is a view illustrating steps of a process for preparing an d^in polymerization catalyst which is used for tiie 
preparation of tiie etiiylene/olefin random copolymer (C). 

Fig. 4 is a view illustrating steps of a process for preparing an olefin polymerization catalyst which is used for the 
preparation of tiie propylene homopolymer (A5) and tiie propylene copolymer (AT). 

DETAILED DESC RIPTION OF THE INVENTION 

The propylene polymer compositions according to tiie present invention will be desaibed in detail hereinafter. 
The first propylene poivmer composition 

The first propylene polymer composition comprises: 

(A1) a propylene polymer which is characterized in tiiat: 

tiie propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization cata- 
lyst comprising: 

(i) (a) a compound of a Group IVB transition metal in the periodic table containing a llgand having a 



12 



EP0 841373A2 

cyclopentadienyl skeleton, and 

(ii) at least one conrpound selected from the group consisting of 

(b) an organoaluminum Qxy-compound. and 
5 (c) a compound which reacts with the transition metal compound (a) to form an ion pair, 

the propylene polymer has a melt flow rate (MFR). as measured at 230 ''C under a load of 2.16 kg. of 0.01 to 
30g/10min, and 

the propylene polymer has a molecular weight distribution (Mw/Mn). as measured by gel permeation chroma- 
10 tography (GPC), of 2 to 3; and 

(A2) a propylene polymer which is characterized in that: 

the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymerization cata- 
75 lyst comprising: 

(i) (a) a compound of a Group IVB transition metal in the periodic table containing a iigand having a 
cyclopentadienyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

20 

(b) an organoaluminum oxy-compoundp and 

(c) a compound which reacts with the transition metal compound (a) to fbrm an ion pair, 

the propylene polymer has a melt flow rate (MFR). as measured at 230 "C under a load of 2.16 kg, of 30 to 
25 1,000 g/IOmin. and 

the propylene polymer has a molecular weight distribution (Mw/Mn). as measured by QPC, of 2 to 4. 

In this propylene polymer composition, the ratio ((A2)/(A1)) of the MFR of said propylene polymer (A2) to the MFR 
of said propylene polymer (A1) is not less than 30. 

30 

Propylene pQlYmy(A1) 

The propylene polymer (A1) for constituting the first propylene polymer composition is a propylene homopdymer 
or a propylene copolymer obtained by tiie use of an olefin polymerization catalyst comprising a transition metal com- 
35 pound (a) and at least one conpound selected from the group consisting of an organoaluminum oxy-oompound (b) and 
a corrpound (C), all conpounds being described later. 

The pro|:^ene polymer (A1) is desired to have MFR, as measured at 230 °C under a load of 2.16 kg, of 0.01 to 30 
g/10 min, preferably 0.5 to 5.0 g/10 min, and Mw/Mn, as measured by GPC, of 2 to 3. 

Further, the propylene polymer (A1) is desired to have an intrinsic viscosity of 1 .3 to 5.0 dl/g, preferably 2.0 to 
40 4.0 dl/g, a weight-average molecular weight of 1 2 x 1 0^ to 1 00 x 1 0^ preferably 20 x 1 0^ to 70 x 1 0^, and a crystailinity, 
as measured by X-ray diffractometry, of not less than 40 %, preferably not less than 50 %. 

The propylene polymer (A1) may contain constituent units derived from other monomers than propylene, such as 
etiiylene and a-olefins of 4 to 20 cartx>n atoms. e.g., 1 -butene, 1 -pentene, 1 -hexene. 4-metiiyl-1 -pentene, 1 -octene, 1 - 
decene. 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-ekx)sene, in an amount of not more than 10 
45 % by md. 

Propylene gx)lvmer fA2) 

The propylene polymer (A2) for constituting tiie first propylene polymer composition is a propylene homopdymer 
so or a propylene copolymer obtained by the use of an defin polymerization catalyst conrprising a transition metal com- 
pound (a) and at least one compound selected from the group consisting of an organoaluminum oxy-compound (b) and 
a corrpound (C), all conpounds being described later. 

The propylene polymer (A2) is desired to have MFR, as measured at 230 ""C under a load of 2. 1 6 kg, of 30 to 1 ,000 
g/10 min. preferably 50 to 200 g/10 min. and Mw/Mn. as measured by GPC. of 2 to 4. 
55 Further, the propylene polymer (A2) is desired to have an intrinsic viscosity [t]] of not less than 0.5 and less than 
1 .3 dl/g. preferably not less than 0.8 and less than 1 .3 dl/g, a weight-average molecular weight of 5 x 10^ to 15 x 10^. 
preferably 1 x 10^ to 12 x 10^ and a crystailinity, as measured k>y X-ray diffractometry, of not less tiian 40 %, preferably 
not less tiian 50 %. 
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The propylene polymer (A2) may contain constituent units derived from other monomers than propylene, which are 
exemplified for the propylene polymer (A1). in an amount of not more than 5 % by mol. 

Propylena polymer composition 

5 

The first propylene polymer composition comprises the propylene polymer (A1 ) and the propylene polymer (A2). In 
this composition, it is desired that the propylene polymer (A1) is contained in an amount of 10 to 90 % by weight, pref- 
erably 30 to 70 % by weight; and the propylene polymer (A2) is contained in an amount of 10 to 90 % by weight, pref- 
erably 30 to 70 % by weight. A ratio I(A2)/(A1)] of the MFR of the propylene polymer (A2) to the MFR of the propylene 
10 polymer (A1) is not less than 30. preferably in the range of 40 to 300, more preferably 50 to 100. 

The first propylene polymer composition is desired to have MFR. as measured at 230 ''C under a load of 2.16 kg. 
of 1 to 100 g/10 min, preferably 5 to 50 g/10 min. In this composition, Mw/Mn of all the propylene components for con- 
stituting the composition is desirably in the range of 4 to 15. 

The density of the first propylene polymer composition is desired to be in the range of 0.89 to 0.92 g/cm^. preferably 
IS 0.90 to 0.92 g/cnr^. 

The heat distortion temperature (HDT) thereof is desired to be not lower than 95 'C. preferably in the range of 1 00 
to 140 'C. 

The flexural modulus (FM) thereof is desired to be in the range of 12,000 to 19,000 l^cm^, preferably 14,000 to 
18.000 kg/cm^. 

20 The Izod impact strength (IZ) thereof at 23 ""C is desired to be in the range of 2 to 4 kg • cm/cm, preferably 2 to 3 
kg-cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 100 to 500 %. preferably 200 to 400 %. 

The first propylene polymer composition may contain additives, if necessary, such as weathering stabilizer, heat 
stabilizer, antistatic agent anti-slip agent anti-blocking agent, anti-fogging agent, lubricant, pigment, dye, nucleating 
25 agent, plasticizer, anti-aging agent, hydrochloric add absoiber and antioxidant with the proviso that the object of the 
invention is not marred. 

The first propylene polymer composition can be prepared by conventionally known processes, fbr example, by the 
following ones. 

30 (1) A process comprising mechanically blending the propylene polymer (A1). the propylene polymer (A2) and, if 
desired, other components by means of an extruder, a kneader. etc. 

(2) A process comprising dissolving the propylene polymer (A1). the propylene polymer (A2) and. if desired, other 
components in an appropriate good solvent (e.g.. hydrocarbon solvents such as hexane. heptane, decane, 
cydohexane, benzene, toluene and xylene), and removing the solvent. 
35 (3) A process comprising IndivkJually dissolving the propylene polymer (A1), the propylene polymer (A2) and, if 
desired, other components in appropriate good solvents respectively to give solutions, then mixing the solutions, 
and removing the solvent. 

(4) A process comprising conducting the above processes (1) to (3) In con^ination. 

(5) A process comprising conducting the polymerization in two or more steps having different reaction conditions, 
40 In the first step of which the propylene polymer (A1) is prepared, and in another step of which the propylene poly- 
mer (A2) is prepared; alternatively, comprising using plural polymerizers, in one polymerizer of which the propylene 
polymer (A1) is prepared, and in another polymerizer of which the propylene polymer (A2) is prepared. 

The first propylene polymer composition as mentioned above is excellent in not only heat resistance, rigidity and 
45 tensile elongation at break but also mddability. Further, since the amount of the catalyst residue in the polymer compo- 
sition is small, the article molded from the composition is nwer colored and is good in sanitariness. 

Next, the defni polymerizatton catalyst used in the preparation of the propylene polymer (A1) and the propylene 
polymer (A2) and the process for preparing the propylene polymer (A1) and the propylene polymer (A2) are described. 
The propylene polymer (At) and ttie propylene polymer (A2) can be prepared by polymerizing propylene in the 
so presence of an olefin polymerization catalyst [olefin polymerization catalyst (1 )] comprising: 

(i) (a) a compound of a Group IVB transition metal in the periodic table containing a ligand having a cydopentadi- 
enyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

55 

(b) an organoaluminum oxy-compound. and 

(c) a compound which reacts with ttie transition metal compound (a) to form an ion pair. 
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Fig. 1 illustrates steps of a process for preparing the olefin polymerization catalyst which is used for the preparation 
of the propylene polymer (A1 ) and the propylene polymer (A2). 

Examples of the compound (a) of the Group IVB transition metal of the periodic table which contains a ligand hav- 
ing a cyclopentadienyl skeleton include the transition metal compound represented by the following formula (la) and the 
transition metal compound represented by the following formula (I). 

ML^ (la) 

wherein M is a transition metal atom selected from the group consisting of titanium, zirconium, hafnium, vanadium, nio- 
bium, tantalum and chromium, preferably titanium, zirconium or hafnium, and x is a valence of the transition metal atom. 

L is a ligand coordinating to the transition metal, at least one of L Is a ligand having a cydopentadienyt skeleton, 
and preferably at least two of L are ligands having a cydopentadienyl skeleton. 

The ligands having a cyclopentadienyl skeleton are. for example, cydopentadienyl group, indenyl group. 4,5.6.7- 
tetrahydroindenyl group, 4.5.6.6a-tetrahydropentarenyl group, 7.8<lihydro-3H.6H-as-indacenyl group and fluorenyl 
group. These groups as exemplified above may be substituted with an alkyi group, an aryt group, an aralkyi group, a 
trialkylsilyl group, a halogen atom, an alkoxy group, an aryloxy group, a linear alkylene group or a cyclic alkytene group. 
Further, these groups having a cydopentadienyl skeleton may form ring condensate with benzene ring, naphthalene 
ring, acenaphthene ring or indene ring. 

Of the ligands coordinating with the transition metal atom, preferred is a ligand having an indenyl skeleton, and par- 
ticularly preferred is ligand having a substituted indenyl skeleton. 

When the transition metal compound represented by the above general formula (la) contains 2 or more ligands 
each having a cyclopentadienyl skeleton, the two ligands out of them may be linked together through 

an alkylene group such as ethylene or propylene; 

a substituted alkylene group such as 1,2<li(methyl)ethylene; 

a cycloalkylene groip such as 1,4-cydohexylene or 1,3-cydopentylene; 

a substituted alkylidene group such as isopropylkJene or diphenytmethylene; 

asilylenegroup; 

a substituted silylene group such as dimethylsilylene, diphenylsilylene or methylphenylsilylene; 
a germyl group; 

-P(R*)-. -P(0)(R^-. S02N-(R^- or Sn(R^2)- [wherein each of R*. R*' and R^2 »s an alkyI group, and R** is an aryl 
groupl. 

or these, particularly prefenred Is ligand linked together tiirough a substituted silylene group such as dimethylsi- 
lylene group, diphenylsilylene group or metiiylphenylsilyiene group. 

Example the ligands L other than those having a cyclopentadienyl skeleton nray include 

a hydrocait>on group of1-10 cartx>n atoms such as an alkyI group (e.g. methyl group, ^yl group, propyl group. 
Isopropyl group, butyl group, propyl group, pentyl group or neopentyl group), a cyctoalkyi group (e.g. cyctopentyl 
group or cyclohexyl group), an aryl group (e.g. phenyl group, tolyl group or mesityl group) and an aralkyi group (e.g. 
benzyl or neophyl), 

an alkoxy group of 1-10 cart>on atoms such as methoxy group, ethoxy group, propoxy group or butoxy group, 
an arylQxy group of 6-10 cartx>n atoms such as phenoxy group. 

a ligand represented by -OSOgR® or -CH2SiR^3 (wherein R® is a hydrocarbon group of 1-10 cartxm atoms) such 
as mesitylsulfbnate, phenyteuffonate. benzylsulfonate. methylsuHbnate. p-toluenesulfonate or trifluoromettianesul- 
fonate, 

a halogen atom such as fluorine, chtorine. bromine or iodine, and 
hydrogen atom. 

When the transition metal compound contains 2 or more ligands other than those having a cydopentadienyl skel- 
eton, each ligand may be the same or different. 

When the valence of the transition metal atom is, for example. 4, tiie transition metal compound represented by the 
above formula (la) is represented by the following fomiuta (lb) In more detail. 

R^kR^/R^mR^nM (lb) 

wher^n M represents tiie above mentioned transition metal atom. R^ represents a ligand having a cyclopentadienyl 
skeleton as in tiie above fornrujia (la). R^. R^ and R^ each represent a ligand having a cydopentadienyl skeleton or a 
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ligand L other than those having a cyclopentadienyl skeleton, k is an integer of 1 or more, and k+/+m+n=4 . 

In the present invention, there is used preferably a transition metal compound having the above-mentioned fbnnula 
(lb) in which at least two of R^. R^. R^ and R^ are the substituted indenyl groups. In this case, these groups are pref- 
ereably linked together through a group as in the above formula (la). 

Exemplified below are the transition metal compounds wherein M is zirconium. 

rac-6thylene-bis{1 -(2-methylindenyl)}zirconium dichloride, 
rac<Jimethylsilytene-bis{1 -(a-methylindenyOlzirconium dichloride. 
rac-dimethy1silylene-bis{1 -(2-methylindenyl)}zirconium dihydride, 
rac<limethylsilylene4)is{1 -(2-methyiindenyl)}zirconium dif luoride. 
rac<fimethylsilylene-bi8{1 -(2-methylindenyl)]zirconium dibromide, 
rac-dlmethylsilylene-bis{1 -(2-methylindenyl)}zirconium diiodide, 
rac-dlmethyl&ilylene-bis{1 -(2-methy1indenyQ}zirconium dimethoxide. 
rac-dimethylsilylene-bis{1 -(2-methylindenyl)}zirconium di-n-butoxide, 
rac<limethylsilylene-bis{1 -(2-methylindenyO}zirconium diphenoxide, 
rac-dimethylsllylene-bisjl -(2-methytindenyl)}ziroonium di-t-butoxide. 
rac-dimethylsilylene-bis{1-(2-methyllndenyl)}zirconium dimethyl, 
rac<limethylsilylene-bis{1 -(2-m6thylindenyl)}zirconium dineopentyl, 
rac-dimethylsilylene-bi&{1 -(2-methylindenyt)}zirconium ditrimethylsiiylmethyl, 
rac-dimethylsilylene4}ls{1 -(2-methylindenyl)}zlrconium ditosylake, 
rac<limethylsilylene-bis{1 -(2-methylindenyl)}zirconium dimesilate, 
rac-dimethylsilylene43is{1 -(2-methylind6nyl)}zirconium di(mesityl8ulfbnate), 
rac-dimethylsilylene-bis{1 -(2-methylindenyl)}zirconium di(phenylsulf6nate). 
rac-dimethylsllylene-bis{1 -(2-methyiindenyl)}zirconium di(benzyrsulfbnate). 
rac-dimethytsilylene-bis(1 -(2-methylindenyl)}zirconium di(trlfluoromethanesulfonate), 
rac<iimethyt8ilylene-bis{1-(2-methylindenyl)}zirconium monochloride monohydrlde, 
rac-dimethylsilylene-bis{1-(2-methylindenyI)}zlrconium monochloride monof luoride. 
rac<lim6thylsilylene-bis{1-(2-methylindeny1)}zirconium monochloride monobromide. 
rac-dimethylsilylene-bis{1 -(2-methylindenyl)}zirconium monochloride monoiodide. 
rac-dim6thylsilylene-bis{1-(2-methylindenyl)}zircorDum monochloride monomethoxide, 
rac-dimethytsilylene-bis{1-(2-methylindenyl)}zirconium monochloride mono-n-butoxide, 
rac<llmethyt8ilylene-bi8{1-(2-methylindenyl)}zirconium monochloride monophenoxide, 
rac-dimethyt8ilylene-bis{1-(2-methylindenyl)}zirconium monochloride mono-t-butoxide, 
rac-dimethytsilylene-bls{1-(2-methylindenyl)}zirconium monochloride monomethyl. 
rac-dimethylsilylerie-bis{1-(2-methylindenyl)}zirconium monochloride mononeopentyl. 
rac-dimethylsilylene-bis{1 -(2-methylindenyl)}zirconium monochloride monotrimethylsiiylmethyl, 
rac-dim6thylsilylene-bis{1-(2-methytindenyl)}zirconium monochloride monotosylate. 
rac-dimethylsilylene-bi8{1 -(2-methylindenyl)}zlrconium monochloride monomesilate. 
rac-dimethyl&ilyiene-bi8{1 -(2-methylindenyl)}zirconium monochloride mono(mesitylsulfonate). 
rac<limettiy1silylene-bis{1 -(2-methylindenyO}zlrconium monochloride mono(phenylsulfonate). 
rac-dimethylsilylene-bis{1 •(2-methylindenyl)}zirconium monochloride mono(benzyl8uKbnate). 
racKJimethylsilylene-bis{1-(2-methylindenyQ}ziroonium monochloride mono(trifluoromethanesulfonate). 
rac-diphenylsiiylene-bis{1 -(2-methylindenyl)}zirconium dichloride, 
rac-methylphenylsilylene-bi8{1 '(2-methyllndenyl)}zirconium dichloride, 
rac-silylene-bis{1 -(2-methyiindenyO}zirconium dichloride, 
rac-dimethylgermylene-bis{1 -(2*methylindenyl)}zirconium dichloride, 
raci3henylphosphiny1ene-bts{1 -(2-methy(indenyl)}ziroonium dichloride. 
rac-ethylene4}is{1 •(2,4-dimetiiylindenyl)}zirconium dichlorkie, 
rac-ethylene'bis{1-(2-methyl, 4HSopropylindenyl)}zirconium dichloride, 
rac-dimethyl8ilylene-bis{1 -(2,4-dimethylindenyl)}zirconium dichloride, 
rac<limethyt8itytene-bi8{1-(2-methyl. 4-ethylindenyl)}zirconium dichloride. 
rac-dimethyt8ilylene-bis{1-(2-methyt. 4>n-propylindenyl)}ziroonium dichloride. 
rac-dlmethylsily1ene-bis{1'(2-m6thyi, isopropylindenyO}zirconium dichlorkJe, 
rac-dimethylsilylene4>is{1-(2-methyl. 4-n-butylindenyl)}zirconium dichloride, 
rac<limethyl8ilylene-bls{1-(2-methyl. 4-l-butylindenyl)}zirconlum dichtorkle. 
rac-dim6thylsilytene-bis{1-(2-methyl. 4-t-butylindenyl)}ziroonium dichlorkJe. 
rac<limethytsilylene4}is{1-(2-methyl. 4-trimethytsilylindenyl))zirconium dichloride. 
rac-dimethytsilylene-bis(1-(2-ethyl. 4-isopropylindenyl)}zirconium dichloride. 
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rac-dimethyl8ilylen6-bi&{1-(2-n-propy1, 4-isopropylindenyl)}zirconium dichloride. 
rac-dim6thyl8ilylene-bis(1 -(2-i-propyl. 4-isopropyiindenyi)}zirconium dichloride. 
racKlimethyi8ilytene4)is{1-(2-n-butyl. 4-isopropylindenyl)}ziroonium dichloride. 
rac<:limethylsilylene-bis{1-(2-i-butyt, 4HSopropylindenyl]}zirconium dichloride, 
rac-dimethylsilylene-bis{1'(2-t-butyl, 4-isopropylindenyl]}zirconium dichloride, 
rac<limethylsily1ene-bi8{1 -(2-trlmethylsilyl, 4-isopropylind6nyl))zirconium dichloride, 
rac-dimethylsilylene-bi8{V(2-phenyl. 4-isopropylindenyO}zirconiLim dichloride. 
rac-diphenytsilylene-bis{1 -(2.4-dimethylindenyl)}zirconium dichloride, 
rac<liphenylsilylene-bis{1 -(2-methyl. 4-isopropylindenyl)}zirconiiim dichloride, 
rac-methytphenylsilylene'bis{1 -(2,4-dimethylindenyl)}zirconium dichloride, 
racHfnethylphenylsilylene-bi8{1-(2-methyl, 4-isopropylindenyl)}zirconium dichloride. 
rac-ethylene-bis{1 -(2,5-dimethylindenyl)}zirconium dichloride, 
rac-ethylene-bi8{1 -(2-methyl, 5-isopropylindenyl)}zirconium dichloride, 
rac<limethylsilylene-bis{1 -(2.5-dim6thylindenyl)}zlroonium dichloride, 
rac-dimethyl8ilylene-bis{1 -(2-methyl, 5-isopropylindenyl)}zirconium dichloride, 
rac-diphenyl8ilylene-bis{1 -(2,5-dimethylindenyl)}zirconium dichlaide. 
rac-dipherrylsilylene-bisjl -(2-methyl, 5-isopropylindenyl)}zirconium dichloride, 
rac-methylphenylsllylene-bi8{1-(2,5-dimethylindenyl)}zirconium cfichloride, 
rac-methylphenyl8ilylene-bi8{1 -(2-methyl, 5-i8opropylindenyl)}zirconium dichloride. 
rac-ethylene-bi8{1 •(2,6-dimethylindenyl)}zirconium dichloride, 
rac-etl^ene-bi8{1 -(2-methyl. 6-i8oprcpylindenyl)}zirconium dichloride, 
rac-dimethylsilylene-bis{1 -(2.6-dimethylindenyl)}zirconium dichloride. 
rac-dimethylsilylene-bisfl -(2-methyl, 6-i8opropylindenyl)}zirconium dichloride. 
rac*diphenyl8ilylene-bis{1 -(2,6-dimethylirKlerTyl)}zirconium dichloride. 
rac-diphenylsilylene-bisjl -(2-methyl. 6-isopropylindenyf)}zirconium dichloride. 
rac-m0thytphenyl8ilyl6ne-bi8{1 -(2,6-dimethylindenyl)}zirconium dichloride, 
rac-methylphenylsilylene-bi8{1 -(2-methyl, 6-i8opropylindenyl)}zlrconium dichloride, 
rac-ethylene-bis{1 -(2,4,5-trlmethylindenyl)}zirconium dichloride, 
rac-ethylene-bis{1 -(2-i80propyl-4.5-dimethyllndenyl)}zirconium dichloride, 
rac-dimethylsilylene-bis(1 -(2,4,5-trim6thytindenyl)}zlrconium dichloride. 
rac-diphenylsilylene-bi8{1 -(2.4.5-trimethylindenyl)}zirconium dichloride. 
rac-methylphenyl8ilylene-bi8{ 1 -(2,4,5-trimethy}indeny1)}zirconium dichloride, 
rac-ethylene-bis{1 -(2.5,6-trimethylindenyl)}zlrGonium dichloride, 
rac-dlmethyl8ilylene-bls{1 -(2,5,6-trim6thylindenyO}zirconium dichloride, 
rac-diphenylsilylene-bls{1 -(2.5,6-trimethylirxienyl)}zirconium dichloride. 
rac-methyfphenylsjlyiene-bis{1 -(2.5.6-trimethyfindeny1)}zirconium dichloride, 
rac-ethylene-bis{1 -(2-methyl-5-t4>utylindenyO}zirconium dichloride. 
rac-dimethyl8ilylerie-bi&{1 -(2-methyl-5-t-butylindenyl)}zirconium dichloride, 
rac-diphenyl8itylene-bi8{1 -(2-methyl-5-t-butylindenyl)}zirconlum dichloride, 
rac-methyiphenylsilylene-bi8{1 -(2-methyl-5-t-butylindenyl)}zirconium dichloride. 
rac-ethylene-bis{1 -(2-methyl-6-t-butylindenyl)}zirconlum dichloride, 
rac<JiriWthylsllytene-bjs{1 -(2-methyl-6-t-butylirideriyl)}zirconium dichloride, 
rac<liphenylsilyiene-bis{1 -(2-methyt-6-t-butylindenyl)}zirconium dichloride, 
rac-methyfphenyl8ily1ene43is{1 -(2-methyi-6-t-butylindenyl)}zirconium dichloride. 
rac-6thylene-bi&{1 -(2-methyj-5,6'di-t-butylindenyl)}zirconium dichloride. 
rac<limethyl8ilyiene-bi8{1 -(2-methyl-5,6-di-t-bufylindenyl)}zirconium dichloride. 
rac-diphenylsilylene-bis{1 -(2-methyl-5,6-di-t-butylirideriyl)}zircorilum dichloride. 
rac-m6thylphenylsilylene-bi8{ 1 -(2-methyl-5,6'di-t-butylindenyl)}zirconium dichloride, 
rac-ethylene-bis{1 -(2-methyl-5-trimethylsilylindenyl)}zlrconium dichloride. 
rac-dimethylsilylene-bis{1-(2-methyl-5-trimethyl8ilyiirxjenyl)}zirconium dichloride, 
rac-dlphenylsiiylerie-bi8{1-(2-methyl-5-trimethyl8ilylindenyl)}zirconium dichloride. 
rac-m6thylphenyl8ilylene-bi8{ 1 -(2-m6thyt-5-trimethyl8ilylindenyl)}zirconium dichloride. 
rac-ethylen6-bis{1 -(2-methyt-6-trimethylsilylindenyl)}zirconium dichloride. 
rac-dimethylsilylene-bl8{1-(2-methyl-6-trimethyl8ilylirKlenyl)}zirconium dichloride. 
rac-diphenyl8ilylene-bis{1 -(2-methy1-6-trlmethylsiiylindenyl)}zirconium dichloride. 
rac-methytphenylsilytene-bis{1-(2-methyl<6-trim6thylsilylindenyl)}zirconium dichloride, 
rac-ethylene-bis{1 -(2-methyl-5,6-bistrimethyl8ilylind6nyl)}zirconium dichloride, 
rac-dimethyt8ily1erie-bi8{1 -(2-methyl-5,6-bistrlm6thyl8ilytirideriyl)}zircon dichloride, 
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rac<lfpheriylsilylene-bi8{1-(2-methyl-5,6-bistrimethyi8itytindenyt)}zir^^ 
racHnethylphenylsilylene4>is{1-(2-methyl-5.6-bistrimethylsitylindenyl) dichloride, 
rac-ethylene4}i&[1 -(2-methyl-5.643istriphenylsilylirKlenyl)}ziroonlum dichloride. 
rac^imethy1silyiene4)is{1-(2-m6thyl-5.6-bistriphenylsilylindenyl)}zir^ dichloride. 
rac-ethylene-bi8{1 -(2-methyl-4-methoxyindenyl)}2irconium dichloride, 
rac-dimethyl8iiylene-bi8{1 -(2-methyl-4-methoxyindeny1)}zirconium dichloride, 
rac-dipherTyl8ilylene-bis{1 -(2-methyl-4-m6thoxyindenyl)}zirconium dichloride, 
rac-fnethylphenyisilylene-bis(1 -(2-methyl-4-methoxyindenyl)}zirconium dichlalde, 
rac-dimethy!silylene-bis{1 -(2-methyl-5-methoxyindenyl)}zirconium dichloride. 
rac-dimethyl8ilylene-bls{1 -(2-melhyl-6-methoxyindenyl)}zirconium dichloride, 
rac-ethylene-bis{1 -(2-methyl-5,6-dime1hoxyindeny1)}zirconlum dichloride. 
ethylene4)is{1-{2-methyl-4,5.6.7-tetrahydroindenyl)}2irconium dichloride, 
dimethyl8ilylene-bi8{1 -(A.S.ej-tetrahydroindenyOJzirconium dichloride. 
dimethylsilyiene4)is{1-(2-methyl-4.5,6J-tetrahydroindenyl)}zirconi^ dichloride, 
dinnethylsilylene-bi8{1 -(2-methylcyclopemadienyl)}zirconium dichloride, 
dimethylsilylene-bisil -(3-methyteydopentadienyl)}zir dichloride. 
dimethylsilylene-bis{1 -(4-m6thylcyclopentadienyl))zirconiurri dichloride. 
dimethylsilylene-bis{1 -(5-methylcyclopentadienyl)}zlrconium dichloride, 
dimethylsilyiene-bis{1 -(2,4-dimethylcyclopentadienyl)}zirconium dichloride, 
dlmethyl8ilylene-bi8{1-(2,5-dimethylcyclopemadienyl)}zirconium dichloride, 
dimethy1silylene-bi8{1 -(2,4,5-trim6thylcyclopentadienyl)}zirconium dichloride. 



Me2 

I 

Si 

=0- ..or 

b 'ZrCl2 




dimethylsilylene- 
bis (benzo[e] indenyl) 
zirconium dichloride 




dimethylsilylene-bis (1^ 2 
dihydroacenaphthylo[4^ 5- 
b] cyclopentadienyl) 
zirconium dichloride 




dimethylsilylene-bis (7, 8 
dihydro-3H, 6H-3-as- 
indathenyl) zirconium 
dichloride 
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dimethylsilylene- 
bis (benzolf ] indenyl) 
zirconium dichloride 



dimethylsilylene-bis { 1- 
(toluo [4, 3-f ] -2-methyl-4- 
phenylindenyl) ) zirconium 
dichloride 



dimethylsilylene-bis { 1- 
(benzo [f ] -2-methyl-4- 
neopentylindenyl) zirconium 
dichloride 



neo-CsHii 



There may also be used the compounds obtained by substituting titanium, hafnium, vanadium, niobium, tantalum 
or chromium for zirconium in the above-exemplif ied zirconium compounds. 

Of the transition metal compounds represented by the aforesaid formula (la), preferred are those having zirconium 
as the central metal atom and having at least two ligands containing an Inderiyl skeleton. 

In the present invention, transition metal compounds preferably used as the transition metal compound (a) are 
those represented by the following formula (I): 
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wherein M is a transition metal atom of Group IVa, Group Va and Group Via of the periodic table. Examples the transi- 
tion metal atoms include titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tung- 
sten. Of these, preferred are titanium, zirconium and hafnium, and particularly preferred is zirconium. 

is a hydrocart)on group of 2 to 6 carbon atoms. Examples of the hydrocarbon groups include an alkyi group such 
as ethyl, n-propyt, isopropyl, n-butyl. Isobutyl. sec-butyl, tert-butyl. n-pentyl, neopentyl, n-hexyl and cydohexyl; and an 
alkenyl group such as vinyl and propenyl. 

Of these, preferred are alkyI groups whose cartson bonded to the indenyl group is primary cartx)n, more preferred 
are alky! groups of 2 to 4 carbon atoms whose carton bonded to the indenyl group is primary carbon, and particularly 
preferred is ethyi. 

is an aryl group of 6 to16 caitx>n atoms. Examples of the aryl groups include phenyl, a-naphthyl, p-naphthyl, 
anthracenyl, phenanthryl. pyrenyl, ac^aphthyl, phenarenyl. aceanthryrenyl. tetrahydronaphtffyl and indanyl. Of these, 
preferred are phenyl, naphthyt, anthracenyl and phenanthryl. 
These aryl groL|)s mi^ be substituted with: 

halogen atoms, such as fluorine, chlorine, bromine and kxiine; 

hydrocartxDn groups of 1 to 20 carbon atonns, such as alkyI groups (e.g.. methyl, ethyl, propyl, butyl, hexyl 
cydohexyl. octyl. nonyl, dodecyl. icosyl. noitx>rnyl and adamantyl). alkenyl groups (e.g., vinyl, propenyl and 
cydohexenyl). arylalkyl groups (e.g.. benzyl, pheriylethyl and ph^propyl) and aryl groups (e.g., phenyl, tolyl, 
dimethylphenyl. trimetfiylphenyl, ethylphenyl. propylphaiyt. biphenyl, naphttiyl, methylnaphthyl. anthracenyl and 
phenanthryl); and 

organosilyl groups, such as trimethylsilyl, triethylsilyl and triphenylsilyt. 

and are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 cart)on atoms, a halogenated 
hydrocartX3n group of 1 to 20 carbon atoms, an oxygen-containing groip or a sutfur-containing group. As the halogen 
atom and the hydrocartx>n group of 1 to 20 carbon atoms, the aforesaki atoms and groups can be exemplified. As the 
hatogenated hydrocarbon group of 1 to 20 cart>on atoms, groups obtained by substituting the afbresaki hydrocarbon 
groups with hak)gen atoms can be exemplified. 

Examples of the oxygen-containing groups Indude hydroxy group; alkoxy groups such as methoxy. ethoxy, propoxy 
and butoxy; aryloxy groups such as phenoxy, methylphenoxy. dimethylphenoxy and naphthoxy; and arylalkm(y groups 
such as phenytmethoxy and phenylethoxy. 

Examples of the sulfur-containing groups include substituents obtained by substituting sulfur for oxygen in the 
above-mentioned oxygen-containing groups; sulfonate groups such as methylsuHonate. trifluoromethanesulfonate. 
phenylsulfonate, benzylsulfbnate, p-toluenesulfdnate, trimethyibenzenesulfbnate, triisobutylbenzenesulfonate, p-chlo- 
robenzenesulfbnate and pentafluorobenzenesulfonate; and sutfinate groups such as methytsulfinate, phenylsulfinate, 
benzenesulfonate, p-tduenesuif inate. trimehtytbenzenesulf inate and pentaf luorobenzenesulf inate. 

Of these, prefen'ed are halogen atoms and hydrocart)on groups of 1 to 20 carbon atoms. 

Y is a divalent hydrocarbon group of 1 to 20 cartx>n atoms, a divalent halogenated hydrocartx>n group of 1 to 20 
cart>on atoms, a divalent silicon-containing group, a divalent germanium-containing group, a cfivalent tin-containing 
group. -0-, -CO-, -S-. -SO-. -SO2-. -NR^-. -P(R^)-. -P(0)(R^)-, -BR^- or -AIR^- (R^ is a hydrogen atom, a halogen atom, 
a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 caxbon atoms). More spe- 
cif icaily. there can be mentioned: divalent hydrocarbon groups of 1 to 20 carbon atoms, 
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such as alkylene groiJ|>s, e.g., methylene, dimethylmelhylene, 1 ,2-ethylene, dimethyl-1 ,2-ethy1ene, 1 ,3-trimethyl- 
ene. 1.4-t6tramethylene and 1,2-cyclohexylene, 1,4-cyclohexylene, and arytalkylene groups, e.g.. diphenytmethyl- 
ene and diphenyl-1,2-ethylene; 

halogenated hydrocart)on groups obtained by halogenating the above-mentioned divalent hydrocarbon groups of 1 
to 20 cartx)n atoms, such as chloromethytene; 

divalent silicon-containing groups, such as alkylsilylene, alkylarytsilylene and arylsilylene groups. e.g.. methylsi- 
lylene. cfimethylsilylene. diethylsilytene* di(n-propyl)6ilylene. di(ii3ropyi)silylene. di(cyclohexyl)sitylene. methylphe- 
nytsilylene, diphenylsilylene, di(p-tolyl)silyl6ne and di(p-chlorophenyl}silylene, and alkyldisilyl, alkylaryldisilyl and 
aryldisilyt groups, e.g.. tetramethyl-1.2-disilyl andt6traphenyl-1.2-disilyl; 

divalent germanium-containing groups obtained by substituting germanium for silicon in the above-mentioned diva- 
lent silioon-oontaining groups; and 

divalent tin-containing groups obtained by substituting tin for silicon in the above-mentioned divalent silicon-con- 
taining groups. 

is the same halogen atom, the same hydrocart)on group of 1 to 20 carbon atoms or the same halogenated 
hydrocartXMi group of 1 to 20 carbon atoms as described above. 

Of these, preferred are divalent silicon-containing groups, divalent germanium-containing groups and divalent tin- 
containing groups; more preferred are divalent silicon-containing groups; and most preferred are alkylsilylene. alkylar- 
ylsilylene and arylsilylene. 

Exemplified below are the transition metal compounds represented by the above formula (I). 

rac-dimethylsilylene-bis{1-(2-etiiyl-4-phenylindenyt)}zirconium dichloride. 
rac<limethylsilylene-bis{1 -(2-ettiyl-4-(a-naphtiTyOindenyl)}2irconium dichlorkje. 
rac-dimetii>isil)iene-bis{1 -(2-ettiyl-4-(p-naphthyl)inden>^^ dichloride. 
rac-dimethytsiiylene-bi8{1 -(2-ethyl-4-(2-methyl-1 -naphthyOlndenyl)}zirconium dtchloridep 
rac-dimethyisity1ene-bis{ 1 -(2-ethyl-4-(5-acenaphthyl}indenyt)}zirconium dichloride, 
rac-dimetiTylsilylene-bis{1 -(2-ethyl-4-{9-anthracenyl)indenyl)}zlrconium dichloride. 
rac-dim6tiiylsilylene-bis(1 -(2-ethyl-4-(9-phenantoryl)indenyl)}zirconium dichloride. 
rac-dimetiiyl8ilviene-bi8{1 -(2-eth>i-4-(o-metiiy^ dichloride, 
rac-dimethylsilylene-bis{ 1 -{2-etiiyl-4-(m-methylphenyl)indenyl)}zirconium dichloride. 
rac-dimethylsilylene-bls{1 -(2-ethyl-4-(p-methylphenyl)indenyl))zirconium dichloride, 
rac-dimethylsilylene-bls{1-(2-etfiyl-4-(2.3-dlmethylphenyl)indenyl)}zirconlum dichloride, 
rac-dimethylsllylene-bis{1 -(2-ethyl-4-(2,4-dimethylphenyOindenyl)}zirconlum dichloride. 
rac-dimethylsilytene-bts{1 -(2-eth>i-4-(2.5-dimetiTylphenyQindenyO}ziroora dichloride, 
rac-dimethylsilylene-bis{1-(2-ethyt-4-(2.4,6-trimethylphenyQindenyl)}zirra^ dichloride, 
rac-dimethylsilylene-bis{1-(2-ethyl-4-(o-chlorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylene-bls{1-(2-6thyt-4-(m-chlorophenyl)indenyl)}zirconium dichloride. 
rac-dimethylsllylene-bi8{ 1 -(2-ethyl-4-(p-chlorophenyt)indenyl)}zirconium dichloride, 
rac-dimethylsilylene-bis{ 1 -(2-ethyt-4-(2,3-dichlorophenyl)indenyl)}zirconium dichloride, 
racHjimetiiytsilylene-bis{1-(2-ethyi-4-(2.6<lichlorophenyl)indenyl)}zirconium dichloride. 
rac-dimethylsilylene-bis{1-(2-6thyl-4-(3.5KJichlorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsil)iene-bi8{1 -(2-ethyl-4-(2-bromophenyl)inde^ dichloride. 
rac-dimethylsilylene-bis{1-(2-etiiyl-4-(3-bromophenyl)indenyl)}zirconium dichloride, 
rac-dim6thyisllylene-bls{1 -(2-ethyl-4-(4-bromophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsllylene-bis{1 -(2-etiiyl-4-(4-biphenylyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylene-bis{1-(2-ethyt-4-(4-trimettiylsilylphenyOindenyl)}zirconium dichloride, 
rac-dimethylsilylene-bis{1 -(2-n-propyl-4-phenylindeffTyl)}zirGonium dichloride, 
rac-dimethylsilylene-bisi 1 -(2-n-propyl-4-(a-naphthyl)indenyO}zlrconlum dichloride. 
rac-dimethylsllyIene4Dis{1-(2-niDropyl-4-(p-naphthyl)inden>i)}z dichloride, 
rac-dimethylsllylene-bls{1 -(2-n-propyl-4-(2-methy1-1 -naphthyl)indenyl)}zirconlum dichloride, 
rac-dimethylsllylene-bis{1 -(2-n-propyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride, 
rac<limethylsilylene-bis{1 -(2-n-propyl-4-(9-anthracenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylene-bis{ 1 -(2-n-propyl-4-(9-phenantoryOindenyl)}zirconlum dichloride, 
rac-dimethylsilyiene-bis{1 -(2-i-propy1-4-phenylindenyl)}zirconium dichloride. 
rac-dimetiiylsilylene-bis{ 1 -(2-i-propy1-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-dimethylsilyiene-bis{ 1 -(2-i-propy1-4-(p-naphthyl]i ndenyl)}zirconium dichloride, 
rac-dimethylsilylene-bis{1 -(2-i-propyl-4-(2-methyf-1 -naphthyl)indenyl)}zirconium dichloride, 
rac-dimeth>1sil)iene-bi8{1 -(2-i-prop)i-4-(5-acenaphthyQi dichloride. 
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rac<limethylsiIy!ene-bis{1-(2-i-propyl-4-(9-anthracenyl)in^ dichloride. 
rac<iim6thylsitylene-bis{1-(2-i-propyl-4-(9-phenamoryl)inden^^^ dichtoride, 
rac-dimethylsilylene-bis(1 -(2-s-butyl-4-pheny1indenyl))zirconium dichloride, 
rac<jimethylsilylene45is{1-(2-s4)uty1-4-(a-naphthyl)indeny!)}zir<x)rt 
rac<limethylsi!ylene-bis{1-(2-s45uty1-4-{p-naphthyi)^^^ dichloride, 
iBC<limethylsllylene4)is{1-(2-s45uty1-4K8-methyl-9-naphthyl)inden^ dichloride, 
rac<iim6thylsilylerie4)i8{1-(2-843utyl-4-(5-acenaphthyl)inderiyO}zlrra^ dichloride, 
rac-dimethylsilylene-bis{1 -(2-s-butyl-4-(9-anthracenyQlnderiyQ}zirconiurYi dichloride. 
rBC<iiniethylsilylene-bis{1 -(2-s45utyl-4-{9i)henarrtOfyl)lrxjeriyO^ dichloride, 
rac-dim6thylsilylene-bi8{1-(2-n-pentyl-4-phenyiirKienyl)}zirconium dichloride, 
racKlirnethylsilylene43is{1 -(2-nH)errtyl-4-(a-naphthyl)inderiyl)}zirconium dichloride, 
rac^lmethylsilylene-bis{l -(2-n-butyl-4-phenylindenyl)}zirconium dichloride. 
rac-dimethylsilylene-bis{1 -(2-n4Dutyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 
rac-dimethylsilylene-bis{1 -(2-ri-butyl-4-(p-naphthyl)inderiyO}zirconium dichloride, 
rac-dimethylsilylene-bisll -(2-n-butyi-4-(2-methyl-1 -naphthyOindenyiHzirconium dichloride. 
rac<Jimethylsilytene-bis{1 •(2-ri43utyl-4-(54iceriapmhyl)iride^ dichloride. 
rac<Jimethylsilylerie4)is{1-(2-n-butyi-4-(9-anthracenyOinderiyl)}zi^^ dichloride. 
rac<limethylsi!ylene4)ls{1 -(2-n4xjtyl-4-{9i)heriartoryl)iridenyi)}zircor^ dichloride, 
rac-dimethylsilylene-bi8{1 -(2-i>butyl-4-phenylindenyl)}zirconium dichloride, 
rac<limethyl8ilylene-bi8(1 -(2-i-butyl-4-(a-naphthyl)irxlenyl)}ziroonium dichloride, 
rac-dimethyl8ityiene-bis{1 -(2-i-butyi-4-(p-riaphthy1)irideri>i)}^ dichloride, 
rac-dimethyl8ilylene-bi8{1 -{2-i-butyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
rac-dimethyl8ilylene-bis{1 -(2-i-butyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride. 
rac<limeth)isitylene^is{1-(2-i-4xityl-4-(9-arithracenyl)irxJ dichloride. 
rac<jimeth)i8ilylerie4}i8{1'(2-i-butyl-4-(9>phenaritoryQia^ 
rac<limethyl8ilylene-bi8{1 -(2-neopentyl-4-phenylirxjenyl)}zirconium dichloride, 
rac-dimethyl8ilylene-bi8{1 ■(2-neoperrtyl-4-(a-naphthyl)lrKleriyl)}zircofiium dichloride. 
rac^imethyl8ilylene-bi8{1 -(2-n-hexyl-4-phenylindenyl)}zirconium dichloride, 
racKlirneth)isilyierie4)i8{1 -(2-n-he)C)i-4-(a-ri^ dichloride, 
rac-methylphenylsilylene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-rTiethylpheriylsilylene4}i8{1-(2-ethyl-4-(a-riaphthyi)irxJenyl)}zirc^^ dichloride. 
rac-rnethylphenylsilylene4)i8{1-{2-ethyl-4-(9-anthracenyl)iridenyl)}zirc^^ dichloride. 
rac-melhylphenylsilylene-bis{1-(2-ethyl-4-(9i>henarTtoryl)irid^^^^ 
rac<liphenyteilylene-bi8{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride. 
racKjipheriylsilylene-bi8{1-(2-ethyl-4-(a-naphthyl)indenyO}zircoriiurTidichlo^^^^ 
rac<liphenylsilylene-bi8{1-(2>ethyl-4-(9*anthracenyOirxjeriyl)}zircoriium dichloride, 
rac<lipherTyl8ilylene-bi8{1-(2-eth>i-4-(9-phenantoryl)lrHleriyl))zircon^ dichloride. 
rac-dipheriylsilylene-bi8{1 -(2-ethyl-4-(4-biphenyl)indenyl)}zirGonium dichloride, 
rac-niethylene-bis{1 -(2-ethyl-4-phenylindenyQ}zirconium dichloride, 
rac-methylene-bis{1 -(2-etl^-4-(a-naphthyOindenyl)}zirconium dichloride, 
rac-ethylene-bi8{1 •(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-et)^ene-bi8{1 -(2-ethyl-4-(a-naphthyl)indenyO}zirconium dichloride. 
rac-ethylene43i8{1 -(2'n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac<limethylg0'myl4)is{1-(2-ethyf-4-pheriyllrxJeriy1)}zircoriiurndlchlorid^^ 
rac-dimethylgermyl45i8{1-(2-ethyl-4-(a-riaphthyl)indenyl)}zirconium dichloride, arxJ 
rac-dimethylgermyl-bi8{1 -(2-n-propyl-4-phenylindenyO}zirconium dichloride. 

There may also be used the transition metal compounds obtained by substituting titanium m^l, hafnium metal, 
vanadium metal, niobium metal, tantalum metal, chromium metal, molybdenum metal or tungsten metal for zirconium 
metal in the above-exenrplified compounds. 

The transition metal compounds represented by the above formula (I) can be prepared in accordance with the 
methods desaibed in Joumal of Organometallic Chem. 288 (1985), pages 63 to 67. European Patent Publication No. 
0,320.762 specification and Examples thereof, for instance, by the following nfianner. 
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2-Y-Z 

2H2R* + 2-butyl-Li aHR^Li » 

2-butyl-Li 
HR*-Y-R*H » 



MCI4 



LiR*-y-R*Li 



Ra CI Ra Xl 

/ \ / xlLi / \ / 

Y M > Y M 

\ / \ \ / \ 

Ra CI Ra CI 

Ra Xl 
x2Li / \ / 
» Y M 

\ / \ 
R« X2 



wherein, Z represents Q, Br, I or o-tosyl group, and H2R' represents 




H H 



Though the transition metal compounds represented by the aformentioned formula (I) are usually used in the form 
of racemic modification, R-type or S-type may also be used. 

These transition metal compounds may be used singly or in combination of two or more kinds. Further, tiiey may 
be diluted in hydrocartxin or hafogenated hydrocartwn. 

The organoaluminum Qxy-compound which forms the olefin polymerization catalyst (1) for polymerization of the 
propylene polymer (A1) and the propylene polymer (2) may be a known benzene-soluble aluminoxane or the benzene- 
insoluble organoaluminum oxy-compound having been disctosed in JP-A-2-78687/1990. 

The above-mentk)ned known aluminoxane may be prepared, for example, by the following procedures: 

(1) a procedure for recovering an aluminoxane as its hydrocart)on solution which comprises adding an organoalu- 
minum confound such as trialkylaluminum to a suspension in a hydrocartx)n medium of a compound containing 
adsorbed water, or a salt containing water of crystallization such as magnesium chtorkie hydrate, copper sulfate 
hydrate, aluminum sulfate hydrate, nickel suKate hydrate and cerium chlorkHe hydrate, and reacting the organoalu- 
minum compound; 

(2) a procedure for recovering an aluminoxane as its hydrocartx}n solution which comprises reacting water, ice or 
steam directly with an organoaluminum compound such as trialkylaluminum in a solvent such as benzene, toluene, 
ethyl ether and tetrahydrofuran; and 

(3) a procedure fbr recovering an aluminoxane which comprises reacting an organotinoxide such as dimethyltinox- 
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ide and dibutyltinoxide with an organoaluminum compound such as trialkylaluminum in a solvent such as decane. 
benzene or toluene. 

Moreover, the aluminoxane may contain a small amount of an organometal component. Furthermore, the solvent 
or unreacted organoaluminum compound may be removed from the above-mentioned recovered aluminoxane-contain- 
ing solution, by distillation, and the aluminoxane may be redissolved in a solvent. 

Concrete examples of the organoaluminum compound used tor the preparation of the aluminoxane include 

trialkylaluminum such as trimethylaluminum, triethylaluminum. tripropylaluminum, triisopropylaluminum, tri-n-buty- 
laluminum. triisobutyialuminum. tri-sec-butylaluminum. tri-tert-butylaluminum. tripentylalumlnum, trihexylalumi- 
num, trioctylaluminum and tridecylaluminum; 

tricycloalkylaluminums such as tricydohexylaluminum and tricyclooctylaluminum; 

dialkylalumlnum halides such as dimethylaluminum chloride, diethylaluminum chloride, diethylaluminum bromide 
and diisobutylaluminum chloride; 

dialkylalumlnum hydrides such as diethylaluminum hydride and diisobutylaluminum hydride: 
diallqrialumtnum alkoxides such as dimethylaluminum methoxide and diethylaluminum ethoxkie; and 
diall^alumlnum aryloxkJes such as diethylaluminum phenoxide. 

Of these compounds, trialkylaluminum and tricydoalkylaluminum are preferable, and trimethylaluminum is parttou- 
larly preferable. 

Furthemnore, there may also be used as the organoaluminum compound isoprenylaluminum represented by the 
general formula 

(i-C4H9)xAly(C5Hio)z 

wherein x, y and z are each a positive number, and z ^ 2x. 

The organoaluminum compounds mentioned above may be used either singly or in combination. 

Solvents used for the solutions of the aluminoxane include aromatic hydrocartx)ns such as benzene, toluene, 
xylene, cumene and cymene; aliphatic hydrocartsons such as pentane, hexane, heptane, octane, decane, dodecane, 
hexadecane and octadecane; alicydic hydrocartx)ns such as cyclopentane, cyclohexane, cyclooctane and methylcy- 
clopentane; petroleum fractions such as gasdine, kerosene and gas oil; and halogenated compounds derived from the 
above-mentioned aromatic hydrocart)ons, aliphatic hydrocarbons and alicydic hydrocartx>ns, especially chlorinated 
and brominated hydrocarbons. In addition, there may also be used ethers such as ethyl ether and tetrahydrofuran. Of 
these solvents as exemplified above, aromatic hydrocartx)ns or aliphatic hydrocart>ons are particularly preferred. 

As the compound (c) which reacts with the afbresakJ transition metal compound (a) to form an ion pair and which 
Is used for forming the olefin polymerization catalyst (1) employable for the preparation of the propylene polymer (A1) 
and the propylene polymer (A2). there can be mentioned Lewis add, Ionic compounds and cartxsrane compounds 
desaibed in JP-A-1 -501 950/1 989, JP-A-1 -502036/1 989. J P-A-3-1 79005/1 992. JP-A-3- 179006/1 992. JP-A-3- 
207703/1992 and JP-A-3-207704/1992, and U.S. Patent AppPication f4o, 547718 (now USP 5.321.106). 

Examples of the Lewis ack] indude triphenylboron, trls(4-fluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyQboron, 
tris(3.5-dimethylphenyf)boron, tris(pentafluorophenyt)boron, MgCl2, /M2O3 and Si02-Al203. 

Examples of the ionic compounds indude triphenyk:arbeniumtetrakis(pentafluorophenyi)borate, tri-n-butylammoni- 
umtetrakis(pentafluoropheny})borate. N.N-dimethylaniliniumt6trakis(pentafluorophenyl)borate and fen^oceni- 
umtetra(pentafluorophenyl)borate. 

Examples of the carborane compounds include dodecaborane, 1-carbaundacaborane, bis-n-butylammonium(1- 
cart}edodeca)borate. tri-n-butylammonium(7.8-dicarbaundeca}borate and tri-n-butylammonium(tridecahydride-7-car- 
baundeca)borate.. 

The compound (c) which reacts with the transition metal compound (a) to form an ion pair can be used in combi- 
nation of two or more kinds. 

The olefin polymerization catalyst (1) used for preparing the propylene polymer (A1) and the propylene pdymer 
(A2) is formed from tiie transition metal compound (a) and at least one compound selected from tiie organoaluminum 
oxy-compound (b) and the compound (c). However, the catalyst (1) may furtiier contain an organoaluminum compound 
(j). if necessary, together with tiie above components. 

The organoaluminum conrpound Q) is. for example, an organoaluminum compound represented by tiie following 
formula (II): 

RVlX3.n (II) 
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wherein is a hydrocarton group of 1 to 12 caitx)n atoms, X is a halogen atom, and n is 1 to 3. 

In the above formula (II), is a hydrocarbon group of 1 to 12 carbon atoms, for example, an alkyi group, a 
cyctoatkyi group or an aryl group. Examples of those groups include methyl, ethyl, n-propyl. isopropyl, isobutyl, pentyl, 
hexyl. octyl, cyctopentyl, cyclohexyl. phenyl and tolyl. 

Particular examples of such organoaluminum compounds (j) include: 

trialkylaluminums. such as trimethylaluminum, triethylatuminum, trilsopropylaluminum, triisobutyialumlnum, triocty- 
laluminum, tri(2-ethylhexyl)aluminum and tridecylaluminum; 
alkenylaluminums. such as isoprenylaluminum; 

dialkylaluminum halides. such as dimethylaluminum chloride, diethylatuminum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesqulhalides. such as methyialunfvnum sesquichloride, ethytatuminum sesquichloride, isopropyla- 
luminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; 
alkylaluminum dihalides. such as methylaluminum dichloride, etfiylaluminum dichlorkJe. isopropylaluminum dichlo- 
ride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydrkle and diisobutylaluminum hydride. 

Also employable as the organoaluminum compound (j) is a conpound represented by the following formula (III): 

R^AIL<j.n (III) 

wherein R^ is the same as above. L Is -0R^° group. -OSiR'' ^3 group, -OAIR^^2 group, -NR^^2 Q^oup, -SiR^^ group or - 
N(R''^AIR^^2 group; n is 1 or 2; R^°. R** \ R^^ aixl R^^ are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl. phenyl or 
the like; R^^ is a hydrogen atom, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like; and R^^ and R^^ are each 
methyl, ethyl or the like. 

Of such organoalunfiinum compounds, prefen^ed are compounds represented by the formula R^nAI(OAIR^^2)3-n> 
example, Et2A10AIEt2. and (iso-Bu)2AIOAI(iso-Bu)2. 

Of the organoaluminum compounds represented by the above formulas (II) and (III), preferred are compounds rep* 
resented by the formula R^n^. and particularly preferred are compounds of the fornmjla R^nAI wherein R^ is an isoalkyi 
group. 

The olefin polymerization catalyst (1) used for preparing the propylene polymer (A1) and the propylene polymer 
(A2) can be prepared by mixing the transition metal compound (a) [component (a)] and the organoaluminum oxy-com- 
pound (b) [component (b)] (or the compound (c) which reacts with the transition metal compound (a) to form an Ion pair, 
[component (c)]). and if desired, the organoaluminum compound Q) [component (j)] in an inert hydrocartx)n solvent or 
an olefin solvent 

Exanrples of the inert hydrocartxjn solvents used for preparing the olefin polymerization catalyst (1) include: 

aliphatic hydrocartx>ns. such as propane, butane, pentane, hexane, heptane, octane, decane. dodecane and ker- 
osine; 

alicyclic hydrocart)ons, such as cycloperttane, cyclohexane and methylcyclopentane; 
aromatic hydrocartxsns, such as benzene, toluene and xylene; 

halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane; and 
mixtures of the above hydrocartsons. 

In the preparation of the olefin polymerization catalyst (1), each components may be mixed in an optional order, but 
preferably they are mixed in the following manner: 

the component (b) [or the component (c)] is mixed with the component (a); 

the component (b) is mixed with the component Q). and the resulting mixture is then mixed with the component (a); 
the component (a) is mixed with the component (b) [or the component (c)], and the resulting mixture is then mixed 
with the component (j); or 

the conponent (a) is mixed with the component (j). and the resulting mixture is then mixed with the component (b) 
[or the component (c)]. 

In the mixing of each components, an atomic ratio (Al/transition metal) of the aluminum in the component (b) to the 
transition metal in the component (a) is in the range of usually 10 to 10.000. preferably 20 to 5.000; and a concentration 
of the component (a) is in the range of about 10'® to lO'"* mol/l-solvent preferably 10'^ to 5 x 10'^ mol/l-solvent. 

When the component (c) is used, a mdar ratio [component (a)/component (c)] of the component (a) to the compo- 
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nent (c) i8 in the range of usually 0.01 to 1 0. preferably 0. 1 to 5; and a concentration of the component (a) is in the range 
of about 10'^ to 10'^ mol/l-solvent, preferably 10"^ to 5 x 10'^ mol/l-solvent. 

When the component (j) is used, an atomic ratio (Al/Alb) of the aluminum atom (Aip in the component Q) to the alu- 
minum atom (Alb) in the component (b) is in the range of usually 0.02 to 20. preferably 0.2 to 10. 

The above-mentioned catalyst components may be mixed in a pdymerizer. Othenmse. a mixture of the compo- 
nents beforehand prepared may be fed to a polymerizer. 

If the components are beforehand mixed, the mixing temperature is in the range of usually -50 to 1 50 ''C, preferably 
-20 to 120 ''C: and the contact time is in the range of 1 to 1 .000 minutes, preferably 5 to 600 minutes. The mixing tem- 
perature may be varied while the components are mixed and contacted with each other. 

The olefin polymerization catalyst (1) may be an olefin polymerization solid catalyst in which at least one of the 
component (a), the component (b) [or the component (c)] and the component Q) is supported on an inorganic or organic 
can'ier of granular or particulate solid. 

The inorganic carrier is preferably a porous oxide, for example. SiOg or AI2O3. 

Examples of the granular or particulate solid organic compounds include polymers or copolymers produced mainly 
from a-olefins such as ethylene, propylene and 1-butene or styrene. 

The olefin polymerization catalyst (1) may be a prepolymerized catalyst for olefin polymerization formed from the 
particulate carrier, the component (a), the component (b) [or the component (c)] and an olefin polymer produced by the 
prepolymerization. and if desired, the component Q). 

The olefin used for the prepolymerization includes propylene, ethylene and 1-butene. Further, a mixture of these 
olefins and other olefin may also be employed. 

In addition to the above components, the olefin polymerization catalyst (1) may contain other components which 
are useful for the olefin polymerization, for example, water as a catalyst component. 

The propylene polymer (Al) and tiie propylene polymer (A2) can be prepared by polymerizing propylene in the 
presence of tiie olefin polymerization catalyst (1). In the polymerization of propylene, monomers such as ethylene and 
a-olefins of 4 to 20 cart)on atoms (e.g., 1-butene, 1-pentene, 1-hexene, 4-methyl-l-pentene, 1-octene, 1<lecene, 1- 
dodecene. 1 -tetradecene, 1 -hexadecene. 1 -octadecene and 1 -eicosene) may be used in amounts of not more than 0. 1 
mol. 

The polymerization may be carried out by either a liquid phase polymerization process such as a suspension 
polymerization process and a solution polymerization process, or a gas phase polymerization process. 

In the Iquid phase polymerization process, the same inert hydrocartson solvent as used in the preparation of the 
catalyst described before can be used, or propylene can be also used as a solvent. 

In the suspension polymerization process, the temperature for polymerizing propylene is in the range of usually - 
50 to 100 ""C, preferably 0 to 90 ""C. In the solution polymerization process, ttie polymerization temperature Is in the 
range of usually 0 to 250 ""C. preferably 20 to 200 ''C. In the gas phase polymerization process, tiie polymerizatfon tem- 
perature is in tine range of usually 0 to 120 ""C. preferably 20 to 100 ""c. The polymerization pressure is in ttie range of 
usually atmospheric pressure to 100 kg/cm^. preferably atmospheric pressure to 50 kg/cm^. The polymerization reac- 
tion may be carried out either batchwise, semi-continuously or continuously Further, it is also possit>le to conduct the 
polymerization in two or more steps having different reactfon conditions. 

The molecular weight of the resulting propylene polymer can be regulated by allowing hydrogen to exist in the 
polymerization system or by varying tiie polymerization temperature and tiie polymerization pressure. 

The second p ropylene oolvmer composition 

The second propylene polymer composition comprises: 

(Al) a propylene polymer which is characterized in that: 

the propylene polymer is prepared by tiie use of an olefin polymerization catalyst comprising: 

(i) (a) a transition metal compound, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(c) a compound which reacts with tiie transition metal compound (a) to form an ion pair. 

the propylene polymer has a melt flow rate (MFR), as measured at 230 ''C under a load of 2.16 kg, of 0.01 to 
30 g/IOmin, and 

tiie propylene polymer has a molecular weight distribution (Mw/Mn), as measured by QPC, of 2 to 3; 
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(A2) a propylene polymer which is characterized in that: 

the propylene polymer Is prepared by the use of an olefin polymerization catalyst comprising: 

(i) (a) a transition metal compound, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-cornpound, and 

(c) a compound which reacts with the transition metal compound (a) to.fomi an ion pair, 

the propylene polymer has a melt flow rate (MFR), as measured at 230 ""C under a load of 2.16 kg, of 30 to 
1,000 g/10 min, and 

the propylene polymer has a molecular weight distritsution (Mw/Mn), as measured by QPC, of 2 to 4; and 
(B) a soft polymer. 

In this propylene polymer composition, the ratio ((A2)/(A1)) of the MFR of said propylene polymer (A2) to the MFR 
of said propylene polymer (A1) is not less than 30. 

Propylene polymgr (AD 

The propylene polymer (A1) for constituting the second propylene polymer composition is identical with flie propyl- 
ene polymer (Al) for constituting the first propylene polymer composition. 

Proovtenepolvmer fA2) 

The propylene polymer (A2) for constituting the second propylene polymer composition is identical with the propyl- 
ene polymer (A2} for constituting the first propylene polymer composition. 

SoftPOlymgrQ) 

The soft polymer (B) for constituting the second propylene polymer composition is a (co)polymer of an a-olefin of 
2 to 20 carbon atoms, and desirably has MFR, as measured at 190 ''C under a load of 2.16 kg, of 0.01 to 100 g/10 min, 
preferably 0.05 to 50 g/1 0 min. This soft polymer (B) has a aystallinity, as measured by X-ray diffractometry, of less tiian 
30 %, and desirably is amorphous. 

Examples of tiie a-olefins of 2 to 20 carbon atoms Include ethylene, propylene. 1-butene, 1-pentene, 1-hexene, 4- 
methyl-l -pentene. 1 -octene. 1 -decene and mixtures thereof. Of these, particularly prefenred are a-olefins of 1 to 1 0 car- 
bon atoms. 

The soft polymer (B) is preferably a copolymer of ethylene and an a-olefin, and the a-olefin is for example an a- 
olefin of 3 to 20 cartx)n atoms, preferably an a-olefin of 3 to 6 carbon atoms, particularly preferably propylene. 

The soft polymer (B) may contain other constituent units than tiie constituent units derived from a-olefins, such as 
tiiose derived from diene compounds, with the proviso tiiat the characteristics thereof are not marred. 

Examples of tiie constituent units which are allowed to be contained in tiie soft polymer (B) include constituent units 
derived from: 

chain non-conjugated dienes, such as 1 .4-hexadiene. 1.6-octadiene. 2-mettiyl-1 ,5-hexadiene. 6-methy)-1.5-hepta- 
diene and 7-methyt-l.6-octadiene; 

cyclic non-conjugated dienes, such as cydohexadiene, dicydopentadiene, methyltetrahydroindene, 5-vinylnor- 
bornene. 5-ethylidene-2-norbornene. 5-methylene-2-nortx>mene. 5-isopropylidene-2-nort3ornene and 6-chlorome- 
thyl'5HSopropeny1-2-noft)ornene; and 

diene compounds, such as 2,3-dii8opropylidene-5-norbornene, 2-ettiytidene-3-isopropylidene-5-nortx>rnene and 
2-propenyl-2.2-nort)ornadiene. 

These diene components can be used singly or in combination. A content of tiie diene component Is usually not 
more than 10 % by mol. preferably 0 to 5 % by mol. 

The soft polymer (B) is, for example, a copolymer containing constituent units derived from ethylene in an amount 
of 0 to 95 % by md. preferably 30 to 92 % by mol, more preferably 40 to 90 % by mol. constituent units derived from an 
a-olefin of 3 to 20 carbon atoms in an amount of 1 to 1 00 % by nrx)l. preferably 4 to 70 % by mol, more preferably 8 to 
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60 % by moi, and constituent units derived from the diene component in an amount of 0 to 10 % by mol. preferably 0 to 
5 % by mol, more preferably 0 to 3 % by mol. 

Such soft polymer (B) as mentioned above can be prepared by conventionally known processes using a titanium 
catalyst, a vanadium catalyst, a zirconium catalysts, etc. 

5 

Propylene polvmer composition 

The second propylene polymer composition comprises the propylene polymer (A1). the propylene polymer (A2) 
and the soft polymer (B). In this conrposition, it is desired that the propylene polymer (A1) is contained in an amount of 
70 10 to 90 parts by weight, preferably 30 to 70 parts by weight; the propylene polymer (A2) is contained in an amount of 
10 to 90 parts by weight, preferably 30 to 70 parts by weight; and the soft polymer (B) is contained in an amount of 3 to 
30 parts by weight, preferably 1 0 to 25 parts by weight. A ratio [(A2)/(A1)] of the MFR of the propylene polymer (A2] to 
the MFR of the propylene polymer (A1) is not less than 30, preferably in the range of 40 to 300. more preferably 50 to 
100. 

IS The second propylene polymer composition is desired to have MFR. as measured at 230 ""C under a load of 2.16 
kg, of 1 to 100 g/10 min. preferably 5 to 50 g/10 min. In this composition, Mw/Mn of all the propylene conrponents for 
constituting the composition Is desirably in the range of 4 to 1 5. 

The density of the second propylene polymer conrposition is desired to be in the range of 0.88 to 0.92 g/cm^. pref- 
erably 0.89 to 0.92 g/cm^. 

20 The heat distortion temperature (HDT) thereof is desired to be not lower than 80 ^'C. preferably in the range of 90 
to 140 "C. 

The flexural modulus (FM) thereof is desired to be in tte range of 8.500 to 18,000 kg^cm^, preferably 9,000 to 
15.000 kg/cm^. 

The Izod impact strength (IZ) thereof at 23 *'C is desired to be in the range of 1 0 to 50 kg • cm/cm. preferably 1 0 to 
25 40kg*cnVcm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 1 .000 %, preferably 300 to 1 .000 

%. 

The second propylene polymer conposition nrtay contain, if necessary, additives which may be added to the first 
propylene polymer composition, with the proviso that the object of the inventton Is not marred. 
30 The second propylene polymer composition can be prepared by known processes. For example, the composition 
can be prepared in accordance with the processes (1) to (5) described for the first propylene polymer composition, 
using the propylene polymer (A1). the propylene polymer (A2), the soft polymer (B) and if desired other components 
which may be optionally added. 

The second propylene polymer composition may be prepared by forming a conposition of the propylene polymer 
35 (A1) and the propylene polymer (A2), which has been beforehand prepared in the following manner, and then blending 
the resulting composition with the soft polymer (B) in accordance with the aforesaid processes. 

The composition of the propylene polymer (A1) and the propylene polymer (A2) can be produced by a process 
comprising conducting the polymerization in two or more steps having different reaction conditions, in one step of which 
the propylene polymer (A1) is prepared and in another step of which the propylene polymer (A2) is prepared, or a proo- 
40 ess comprising using plural polymerizers, in one polymerizer of which the propylene polymer (A1) Is prepared and in 
another polymerizer of which the propylene polymer (A2) is prepared. 

The second propylene polymer composition as mentioned above is excellent in not only heat resistance, rigidity 
and tensile elongation at break but also moklabllity and impact resistance. Further, since the amount of the catalyst res- 
idue in the polymer compositfon is small, the article mokied from the composition is never cofored and is good in sani- 
45 tariness. 

The thiid propylene polvmer composition 

The third propylene polymer composition comprises: 

so 

(A3) a propylene polymer which is prepared by the use of an olefin polymerization catalyst comprising (d) a solid 
titanium catalyst component and (e) an organometalllc compound catalyst component, said components (d) and 
(e) being described later, and which has a melt flow rate (MFR), as measured at 230 ''C under a load of 2.16 kg. of 
0.01 to 30 g/10 min. and a molecular weight distribution (Mw/Mn). as measured by GPC, of 4 to 15; and 
55 (A2) a propylene polymer which is characterized in that: 

the propylene polymer is prepared by the use of an olefin polymerization catalyst comprising: 
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CO (a) a trar^ition metal compound, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(c) a compound which reacts with the transition metal conpound (a) to fbmn an ion pair, 

the propylene polymer has a melt flow rate (MFR). as measured at 230 ""C under a load of 2.16 kg. of 30 to 
1.000 g/10 min, and 

the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by GPC. of 2 to 4. 
Propylene polymer (A3) 

The propylene polymer (A3) for constituting the third propylene polymer composition is a propylene homopolymer 
or a propylene copolymer obtained by the use of an olefin polymerization catalyst comprising a solid titanium catalyst 
component (d) and an organometallic compound catalyst component (e). both components being described later. 

The propylene polymer (A3) is desired to have MFR. as measured at 230 <'C under a load of 2. 1 6 kg. of 0.01 to 30 
g/10 min, preferably 0.5 to 5 g/10 min, and Mw/Mn, as measured by GPC, of 4 to 1 5, preferably 4 to 8. 

Further, the propylene polym^ (A3) is desired to have an intrinsic viscosity [ri] of 1.7 to 5.0 dl/g. preferably 2.2 to 
3.5 dl/g, a weight-average molecular weight of 15 x 10"* to 100 x 10"*, preferably 25 x 10^ to 50 x 10^ a crystallinity, as 
measured by X-ray diffractometry. of not less than 55 %. preferably not less than 60 %. and a boiling heptane extraction 
residue proportion (1.1.) of not less than 90 %, preferably not less than 93 %. 

The propylene polymer (A3) may contain constituent units derived from monomers other than propylene, which are 
exemplified for the propylene polymer (A1). in an amount of not more than 5 % by mol. 

PropylepgpQiyiT^erfA2) 

The propylene polymer (A2) for constituting the third propylene polymer composition is identical with the propylene 
polymer (A2) for constituting the above-mentioned first propylene polymer composition. 

Propylene polymer confposition 

The third propylene polymer composition comprises the propylene polymer (A3) and the propylene polymer (A2). 
In this composition, it is desired that the propylene polymer (A3) is contained In an amount of 1 0 to 90 % by weight, pref- 
erably 30 to 70 % by weight; and the propylene polymer (A2) is contained in an amount of 10 to 90 % by weight, pref- 
erably 30 to 70 % by weight A ratio [(/V2)/(A3)} of the MFR of the propylene polymer (A2) to the MFR of the propylene 
polymer (A3) is not less than 30. preferably in the range of 40 to 100. 

The third propylene polymer composition is desired to have MFR, as measured at 230 ''C under a load of 2.16 Kg. 
of 1 to 100 g/10 min. preferably 5 to 50 g/10 min. In this composition. Mw/Mn of alt the propylene components for con- 
stituting the composition is desirably in the range of 5 to 15. 

The density of the third propylene polymer composition is desired to be in the range of 0.89 to 0.92 g/cm^, prefer- 
ably 0.90 to 0.92 g/cm^. 

The heat distortion temperature {HUT) thereof is desired to be not lower than 100 ^C, preferably in the range of 1 10 
to 150 *C. 

The flexural modulus (FM) thereof is desired to be in the range of 14.000 to 21.000 kg/cnf, preferably 16.000 to 
20.000 kg/cm^. 

The Izod impact strength (IZ) thereof at 23 °C is desired to be in the range of 2 to 4 kg • cm/cm, preferably 2 to 3 
kg*cnVcm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 100 to 500 %. preferably 200 to 400 %. 

The third propylene polymer composition may contain, if necessary, additives which may be added to the first pro- 
pylene polymer composition, with the proviso that the object of the invention is not marred. 

The third propylene polymer composition can be prepared by known processes. For example, the composition can 
be prepared in accordance with the processes (1) to (4) described for the first propylene polymer composition, using 
the propylene polymer (A3), the propylene polymer (A2) and If desired other components which may be optionally 
added. 

The third propylene polymer composition as mentioned above is excellent in not only heat resistance. rigkJity and 
tensile elongation at break but also mokJability. 

Next, the olefin polymerization catalyst used for preparing the propylene polymer (A3) and the process for prepar- 
ing the propylene polymer (A3) are described. 
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The propylene polymer (A3) can be prepared by polymerizing propylene In the presence of an olefin polymerization 
catalyst [olefin polymerization catalyst (2)] comprising: 

(d) a solid titanium catalyst conrponent, and 

(e) an organometalllc compound catalyst component. 

Fig. 2 illustrates steps of a process for preparing the olefin polymerization catalyst which is used for the preparation 
of the propylene polymer (A3). 

As the solid titanium catalyst component (d), solid titanium catalyst components containing titanium, magnesium 
and halogen, and. if desired, an electron donor (1^, can be used. 

The solid titanium catalyst component (d) can be prepared by. for example, bringing a titanium compound, a mag- 
nesium compound and an optional electron donor (k) into contact with each other. 

The titanium compounds used in the preparation of the solid titanium catalyst conrponent (d) include, for example, 
tetravalent titanium compounds or trivalent titanium compounds. 

The tetravalent titanium compounds include compounds represented by the following formula: 

Tl(0R)gX4.g 

wherein R is a hydrocarbon group, X is a halogen atom, and g is a number satisfying the condition of 0 ^ g ^ 4. 

Of these compounds, preferred are titanium tetrahalides. and particularly preferred is titanium tetrachloride. These 
titanium compounds may be used singly or in combination. Further, they may be diluted in hydrocarbon compounds or 
halogenated hydrocartx)n compounds. 

The trivalent titanium compoun is. for example, titanium trichloride. 

The magnesium confound used for preparing the solid titanium catalyst component (d) includes a magnesium 
compound having reduction properties and a magnesium compound having no reduction properties. 

The magnesium compounds having reduction properties include organo-magnesium compounds represented by 
the Ibllowing general formula: 

XnMgR2.n 

wherein n is a numtser satisfying the condition of 0 ^ n < 2, R is hydrogen, an alkyl group of 1 to 20 carbon atoms, aryl 
group or cycloaikyi group (when n is 0. two of R are the same or different), and a hydrocarbon group. 

Concrete examples of the magnesium compound having reduction properties include dialkylmagnesium com- 
pounds, alkylmagneslum halides. alkylmagneslum alkoxides and butytmagnsium hydride. 

Concrete examples of the magnesium compound having no reduction properties include magnesium halide such 
as magnesium chloride, magnesium bromide, magnesium iodide and magnesium fluoride; alkoxymagnesium halide; 
arylQxynragnesium halide; alkoxymagnesium; aryloxymagnesium; and manesium cartx>xylate. Further, magnesium 
metal or hydrogenated magnesium may also be used. 

These magnesium compounds having no reduction properties may be those derived from the above-mentioned 
magnesium compounds having reduction properties or those derived during the catalyst component preparation stage. 
In order to derive the magnesium compound having no reduction properties from the magnesium compound having 
reduction properties, the magnesium compound having reduction properties is brought into contact with a pdysiloxane 
compound, a halogen-containing silane compound, a halogen-containing aluminum compound, an ester, an alcohol, 
halogen-containing compound or a compound having an OH-group or an active carbon-oxygen bond. 

The magnesium compounds may be used singly or in combination of two or more kinds, an in any of liquki state or 
solkj state. When the magnesium compound is solkJ. the compound can be brought into liquid state by using the elec- 
tron donors as same as those described in later, such as alcohols, cartxsxylic ackJs. aklehydes. amine or metal acid 
esters. 

In the preparation of the solkl titanium catalyst component (d). an electron donor (k) is preferably used. Examples 
of the electron donor (k) include: 

oxygen-containing electron donors such as alcohols, phenols, ketones, aldehydes, carboxylk: ackls. organic ackJ 
halkles. esters of organto acKls or inorganic ackis. ethers, diethers. acxJ amkJes, ackJ anhydrkies and alkoxysi- 
lanes. and 

nitrogen-containing donors such as an ammonia, amines, nitriles, pyrkiines and isocyanates. 

The solkJ titanium catalyst component (d) is prepared by bringing the aforementtoned titanium compound, magne- 
sium compound and the optional electron donor (k) into contact with each ottier. 
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Though the processes for preparing the solid titanium catalyst component (d) are no way limited, examples of such 
processes by using the tetravalent titanium compound are briefly described below. 

(1) A process comprising bringing a solution consisting of a magnesium compound, an electron donor (k) and a 
5 hydrocartx)n solvent into contact witii an organometallic compound, after or simultaneously with precipitating a 

solid by bringing the solution into contact with a titanium compound. 

(2) A process comprising bringing a complex composed of a magnesium compound and an electron donor (k) into 
contact with an organometallic compound, and then brining the reaction product into contact with a titanium com- 
pound. 

10 (3) A process comprising bringing a product obtained by the contact of an inorganic carrier and an organic magne- 
sium compound into contact with a titanium compound. In this case, tiie above product may be beforehand brought 
into contact witii a halogen-oontaining compound, an electron donor (1^ and/or an organometallic compound. 

(4) A process comprising obtaining an inorganic or organic carrier on which a magnesium compound is supported 
from a mixture of an inorganic or organic carrier and a solution containing a magnesium compound and an electron 

IS donor (k) (and furtiier a hydrocartx)n solvent in some cases), and then bringing tiie obtained easier into contact 
with a titanium compound. 

(5) A process comprising bringing a solution containing a magnesium compound, a titanium compound and an 
electi'on donor (k) (and further a hydrocartx>n solvent in some cases) into contact with an inorganic or organic car- 
rier to obtain a solid titanium catalyst component on which magnesium and titanium are supported. 

20 (6) A process comprising bringing a liquid organic magnesium compound into contact with a halogen-containing 
titanium compound. 

(7) A process comprising bringing a liquid organic magnesium compound into contact with a halogen-containing 
compound, and ttien bringing the product tiius obtained into contact with a titanium compound. 

(8) A process comprising bringing an alkoxy group-containing magnesium conrY)ound into contact with a halogen- 
25 containing titanium compound. 

(9) A process comprising bringing a conplex composed of an alkoxy group-containing magnesium compound and 
an electron donor (k) into contact with a titanium compound. 

(10) A process comprising bringing a complex composed of an alkoxy group-containing magnesium compound and 
an electron donor (k) into contact witii an organometallic compound, and tiien bringing the product tiius obtained 

30 into contact with a titanium compound. 

(11) A process comprising bringing a magnesium compound, an electron donor (k) and a titanium compound into 
contact with each other in an optional order. In this reaction, each components may be pretreated with an electron 
donor (k) and/or a reaction assistant such as an organometallic compound or a halogen-containing silicon com- 
pound. In this case, an electron donor is preferably used at least one time 

35 (12) A process comprising bringing a liquid magnesium compound not having reducing ability into contact with a 
liquid titanium compound, if necessary in the presence of an electron donor (k), to precipitate a solid magne- 
siunVtitanium complex compound. 

(13) A process comprising further bringing the reaction product obtained in the alaove process (12) into contact witii 
an titanium compound. 

40 (14) A process comprising further bringing tiie reaction product obtained in tiie above process (1 1) or (12) into con- 
tact with an electron donor (k) and a titanium compound. 

(15) A process comprising pulverizing a magnesium compound and a titanium compound (and if necessary an 
election donor (k)) to obtain a solid product, and treating tiie solid product with either halogen, a halogen com- 
pound or aromatic hydrocartx)n. This process may Include a step of pulverizing only a magnesium compound, a 
45 step of pulverizing a complex compound composed of a magnesium compound and an electron donor (k), or a step 
of pulverizing a magnesium compound and a titanium compound. Further, after the pulverization, the solid product 
may be subjected to a pretreatment with a reaction assistant and tiien subjected to a treatment with halogen or the 
like. Examples of the reaction assistants include an organometallic compound and a halogen-containing silicon 
compound. 

so (16) A process comprising pulverizing a magnesium compound, and then bringing the pulverized magnesium com- 
pound into contact with a titanium compound. In tiiis case, an electron donor (k) or a reaction assistant may be 
used in the pulverization stage and/or tiie contacting reaction stage. 

(1 7) A process comprising freating tiie compound obtained in any of tiie above processes (1 1 ) to (1 6) with hatogen, 
a halogen compound or aromatic hydrocartx)n. 
55 (18) A process comprising bringing the reaction product olstained by tiie contact of a metal oxide, an organic mag- 
nesium compound and a halogen-containing compound into contact witii a titanium compound and if necessary an 
electron donor (1^. 

(19) A process comprising bringing a magnesium compound such as a magnesium salt of organic acid, atkoxymag- 
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nesium or aryloxymagnesium into conlact wKh a titanium compound and/or halogen-containing hydrocaitx)n and if 
necessary an electron donor (k). 

(20) A process comprising bringing a hydrocart)on solution containing at least a magnesium compound and alkox- 
ytitanium into contact with a titanium compound and/or an electron donor (1^. In this case, a halogen-containing 
compound such as a halogen-containing silicon compound may be further brought into contact therewith, if neces- 
sary. 

(21) A process comprising bringing a liquid magnesium compound not having reducing ability into contact with an 
organometallic compound so as to precipitate a solid magnesium/metal (aluminum) complex compound, and then 
bringing the resulting compound Into contact with an electron donor (1^ and a titanium compound. 

The preparation of the solid titanium catalyst component (d) is conducted at a temperature of usually -70 to 200 ""C, 
preferably -50 to 150 °C. 

The solid titanium catalyst component (d) thus obtained contains titanium, magnesium, halogen and an optional 
electron donor. 

In the solid titanium catalyst component (d), a ratio of halogenAitanium (atomic ratio) is about 2 to 200, preferably 
about 4 to 90. a ratio of magnesium/titanium (atomic ratio) is 1 to 1 00, preferably 2 to 50. 

Further, the electron donor (k) is containined in a ratio of electron donor (k)/titanium (nwlar ratio) being about 0.01 
to 100. preferably about 0.05 to 50. 

Regaiding the processes for preparation of the solid titanium catalyst component (d), details thereof are described 
in the following publications; 

JP-B-46-34092/1971. JP-B-53-46799/1978, JP-B-60-3323/1985, JP-B-63-54289/1988, JP-A-1 -261404/1989. 
JP-A-1-261407/1989. JP-B-47-41 676/1 972. JP-B-47-46269/1972. JP-B- 19794/1 973, JP-A-60-262803/1985. JP-A-59- 
147004/1984. J P-A-59- 1499 11/1984, JP-A-1 -20 1308/1 989, JP-A-61 -15121 1/1986. JP-A-53-58495/1 978, JP-A-53- 
87990/1978, JP-A-59-2064 13/1 984. JP-A-58-206613/1983, JP-A-58- 125706/1 983, JP-A-63-68606/1988, JP-A-63- 
69806/1988. JP-A-60-81210/1985. JP-A-61 -40306/1 986, JP-A-51 -281 189/1976. JP-A-50- 126590/1 975, JP-A-51- 
92885/1976, JP-B-57-45244/1982, JP-B-57-26613/1982, JP-B-61 -5483/1 986. JP-A-56-8 11/1981. JP-B-60- 
37804/1985, JP-B-59-50246/1984, JP-A-58-83006/1983, JP-A-48- 16986/1 973, JP-A-49-65999/1974. JP-A-49- 
86482/1974. JP-B-56-39767/1981. JP-B-56-32322/1981. JP-A-55-29591/1980. JP-A-53-1 46292/1 978, JP-A-57- 
63310/1982. JP-A-57-6331 1/1982. JP-A-57-63312/1982. JP-A-62-273206/1987. JP-A-63-69804/1988. JP-A-61- 
21109/1986, JP-A-63-264607/1988, JP-A-60-23404yi985, JP-A-60-44507/1985, JP-A-60- 158204/1 985. JP-A-61- 
55104/1986, JP-A-2-28201/1990. JP-A-58-1 9621 0/1 983. JP-A-64-54005/1989. J P-A-59- 149905/1 984. JP-A-61- 
145206/1986, JP-A-63-302/1988. JP-A-63-225605/1988. JP-A-64-69610, JP-A-1 -168707/1989, JP-A-62- 
104810/1987. JP-A-62-10481 1/1987. JP-A-62-1 0481 2/1 987 and JP-A-62-104813/1987. 

In the present invention, conventional titanium trichloride type catalyst component may also be used as the solid 
titanium catalyst component (d). 

The above mentioned titanium trichloride is exemplified as the titanium trichloride type catalyst component. The 
titanium trichloride is used together with the aforementioned electron donor (1^ and/or the tetravalent titanium com- 
pound, or after the contact with tiiem. 

Regarding the processes for preparation of the titanium trichloride type catalyst component, details thereof are 
desaibed in the following publications; 

JP-A-63-17274/1988. JP-A-64-38409/1989. JP-A-56-3471 1/1981. JP-A-61 -287904/1 986. JP-A-63- 
75007/1988. JP-A-63-831 06/1 988, J P-A-59- 13630/1 984, JP-A-63-1 08008/1 988, JP-A-63-27508/1988. JP-A-57- 
70110/1982. JP-A-58-21 9207/1983, JP-A-1 -144405/1 989 and JP-A-1 -29201 1/1 989. 

ErrtxxJiment of the titanium trichloride type catalyst component includes titanium trichloride. As tiie titanium trichlo- 
ride, ttiere can be preferably used a titanium trichloride which is obtained by. for example, reducing the tetravalent tita- 
nium by contacting witii hydrogen, metal such as magnesium metal, aluminum metal or titanium metal, or an organic 
metal compound such as organomagnesium compound, organoaluminum compound or organozinc compound. The 
titanium trichloride is used together witti the aforementioned electron donor (1^ and/or the tetravalent titanium com- 
pound, or after ttie contact witii tiiem. 

Examples of the organometallic compound catalyst conrponent (e) which forms tiie olefin polymerization catalyst 
(2) used in tiie polymerization of tiie propylene polymer (A3) include (e-1) an organoaluminum compound, (e-2) a com- 
plex alkyi compound of aluminum witii Group I metal of tiie periodic table and (e-3) a organometallk; compound of 
Group II metal of tiie periodic table. 

Examples of ttie organoaluminum compound (e-1) are the same as those described as tiie organoaluminum 0*). 

Examples of the complex alkyI compound of aluminum with G^oup I metals of ttie periodic table (e-2) are repre- 
sented by ttie following general formula; 
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wherein is U, Na or K and is a hydrocartX)n group of 1 to 15 carbon atoms. 

Examples of the organometaltic compound of Group II metal of the periodic table (e-3) are represented by the fbl- 
lowing general formula; 

wherein and R' are hydrocart)on group of 1 to 15 carbon atoms or halogen, and they being the same or different with 
a proviso that excluding the case where the each of them is halogen, and is Mg. Zn or Cd. 
These compounds may be used in combination of 2 or more kinds. 

In the preparation of the propylene polymer (A3), the aforesaid organoaluminum oxy-compound (b) can be also 
employed. 

The propylene polymer (A3) can be prepared by polymerizing propylene in the presence of the olefin polymeriza- 
tion catalyst (2) formed from the solid titanium catalyst component (d) and the organometalllc compound catalyst com- 
ponent (e). 

The olefin polymerization catalyst (2) may be a prepolymerized catalyst obtained by prepolymerizing the catalyst 
comprising the solid titanium catalyst component (d) and the organometallic compound catalyst component (e) with an 
olefin. 

Exanples of the ol^ins used fbr the prepolymerization include a-olefins of 2 to 20 cartx>n atoms. Of these, propyl- 
ene is preferred. 

In the prepolymerization. the same electron donor as the aforementioned electron donor (k) or the following elec- 
tron donor 0) may be used if necessary, in addition to the catalyst component (d) and the catalyst component (e). 
The electron donor (I) is, for example, an organosilicon compound represented by the following formula: 

RnSi(0R')4.n 

wherein R and R' are each a hydrocartx)n group, and 0 < n < 4. 

The organosilicon compound represented by the above formula includes the following compounds. 
These organosilicon compounds may be used in combination of two of mae kinds. 
Also employable as the electron donor (I) are: 

nitrogen-containing electron donors, such as 2.6-sub8tituted piperkiines, 2,5-substituted piperkiines, substituted 
methylenediamines and substituted imkiazolkjines; 
phosphorus-containing electron donors, such as phosphites; and 

oxygen-containing electron donors, such as 2.6-sub8tituted tetrahydropyrans and 2,5-substituted tetrahydropyrans. 

In the prepolymerization, the olefin is desirably polymerized in an amount of usually 0.01 to 2.000 g. preferably 0.03 
to 1 ,000 g. particularly preferably 0.05 to 200 g, per 1 g of the solk:! titanium catalyst component (d). 

The prepolymerized catalyst prepared as above is usually obtained in the form of a suspension. In the subsequent 
polymerization step, such prepolymerized catalyst may be used in the fbrni of the suspension. Othenwise. the prepo- 
lymerized catalyst produced may be separated from the suspension before use. 

When the prepolymerized catalyst is used for the polymerization to prepare the propylene polymer (A3), the orga- 
nometalllc compound catalyst component (e) is preferably used in comt}inatlon with the prepolymerized catalyst. 

The propylene polymer (A3) can be prepared by polymerizing propylene in the presence of the olefin polymeriza- 
tion catalyst (2). In the polymerizatk)n of propylene, ethylene and monomers which are exemplified for the propylene 
polymer (A1) and the propylene polymer (A2). such as a-olefins of 4 to 20 carbon atoms, may be used in amounts of 
not mxDre than 0.1 mol per 1 md of propylene. 

The propylene polymer (A3) may be prepared by either a Ik^ukl phase polymerization process such as a solution 
polymerization process and a suspension polymerization process, or a gas phase polymerization process. 

When the polymerization is conducted in the reaction form of suspensbn polymerization, polyene compounds and 
olefins which are Iqukj at reaction temperatures and/or tiie same imert solvents as used for the aforementioned prepo- 
lymerization can be used as tiie reaction solvent. 

The olefin polymerization catalyst (2) used fbr the polymerization is generally used in tiie following amount, though 
the amoumt varies depending upon tiie kind. 

The solid titanium catalyst component (d) (including the prepolymerized catalyst) is used in an amount of usually 
about 0.001 to 100 mmol. preferably about 0.005 to 20 mnrol, in terms of the titanium atom in tiie soiki titanium catalyst 
component (d) or ttie prepolymerized catalyst, based on 1 liter of ttie polymerization volume. 

The organometallk: compound catalyst component (e) is used in such an amount tiiat the amount of the metal atom 
in sakJ catalyst component (e) is in the range of usually about 1 to 2.000 mol. preferably about 5 to 500 mol, based on 
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1 moi of the titanium atom in the solid titanium catalyst component (d) or the prepdymerized catalyst. 

The electron donors (k) and (I) may be also employed In addition to the catalyst component (d) and the catalyst 
component (e). When tfie electron donor is used, the amount of the electron donor is in the range of usually about 0.001 
to 10 mol, preferably 0.01 to 5 mol, based on 1 mol of the metal atom in the organometallic compound catalyst compo- 
nent (e). 

The olefin polymerization catalyst (2) may contain other components than the above-mentioned components, 
which are useful for the olefin polymerization. 

The molecular weight of the resulting polymer may be regulated if hydrogen is used in the polymerization, and 
thereby a polymer having a high melt flow rate can be obtained. 

The polymerization is generally cabled out under the following conditions. The polymerization temperature is in tiie 
range of about -40 to 300 ""C. preferably about -20 to 1 50 ""C. and the polymerization pressure is in tiie range of atmos* 
pheric pressure to 100 kg/crh^. preferably about 2 to 50 kg/cm^. 

The polymerization can be candied out elttier batchwise. semi-continuousiy or continuously. Furttier. the polymeri- 
zation can be conducted in two or more steps, and in tills case, the reaction concfitions may be tiie same as or different 
from each other. 

The fourth propylene polymer compositton 

The fourth propylene polymer composition comprises: 

(A3) a propylene polymer which is prepared by the use of an olefin polymerization catalyst comprising tiie solid tita- 
nium catalyst component (d) and the organometallic compound catalyst component (e), and which has MFR, as 
measured at 230 ""C under a load of 2.16 kg. of 0.01 to 30 g/10 min, and a molecular weight distribution (Mw/Mn). 
as measured by GPC, of 4 to 15; 
(A2) a propylene polymer which is characterized in tiiat: 

the propylene polymer is prepared by tiie use of an olefin polymerization catalyst comprising: 

(i) (a] a transition metal compound, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(c) a compound which reacts witii tiie transition metal compound (a) to form an ion pair, 

the propylene polymer has MFR, as measured at 230 ""C under a load of 2.16 kg, of 30 to 1 ,000 g/10 min, and 
the proF^ene polymer has a molecular weight distribution (Mw/Mn), as measured by GPC, of 2 to 4; and 

(B) a soft polymer. 

Propylene polymer (A3) 

The propylene polymer {M) for constituting the fburtii propylene polymer composition is identical with tiie propyl- 
ene polymer (A3) for constituting the above-mentioned ttiird propylene polymer composition. 

Propylene polytTier(A2) 

The propylene polymer (A2) for constituting the fourth propylene polymer conposition Is identical witii tiie propyl- 
ene polymer (A2) for constituting tiie above-mentioned first propylene polymer composition. 

SoftpQlynier (B) 

The soft polymer (B) for constituting tiie fourth propylene polymer composition is identical witii the soft polymer (B) 
for constituting the above-mentioned second propylene polymer compositton. 

Propylene potvmer composition 

The fourth propylene polymer composition comprises tiie propylene polymer (A3), tiie propylene polymer (A2) and 
the soft polymer (B). In this composition, it is desired that tiie propylene polymer (A3) is contained in an amount of 10 
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to 90 parts by weight, preferably 30 to 70 parts by weight: the propylene polymer (A2) is contained in an amount of 10 
to 90 parts by weight, preferably 30 to 70 parts by weight; and the soft polymer (B) is contained in an anriount of 3 to 30 
pans by weight, preferably 10 to 25 parts by weight. A ratio [(A2)/(A3)] of the MFR of the propylene polymer (A2) to the 
MFR of the propylene polymer (A3) is not less than 30. preferably in the range of 40 to 100. 
5 The fourth propylene polymer oonnposition is desired to have MFR, as measured at 230 ""C under a load of 2. 1 6 kg, 
of 1 to 100 g/10 min, preferably 5 to 50 g/10 min. tn this composition, Mw/Mn of all the propylene components for con- 
stituting the composition is desirably in the range of 5 to 15. 

The density of the fourth propylene polymer conposition is desired to be in the range of 0.88 to 0.92 gfanr?, pref- 
erably 0.89 to 0.92 Q/cvr?. 

10 The heat distortion temperature (HDT) thereof is desired to be not lower than 85 ""C. preferably in the range of 95 
to 140 *»C. 

The flexural modulus (FM) thereof is desired to be in the range of 8,500 to 18.000 kg/cm^, preferably 9.000 to 
15.000 kg/cm^. 

The tzod impact strength (IZ) thereof at 23 ""C is desired to be in the range of 10 to 50 kg • cm/cm, preferably 1 0 to 
15 40 kg • cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 1 .000 %. peferably 300 to 500 %. 

The fourth propylene polymer composition may contain the aforesaid additives, if necessary, with the proviso that 
the object of the invention is not marred. 

The fourth propylene polymer composition can be prepared by known processes. For example, the composition 
20 can be prepared in accordance with the processes (1) to (4) described for the first propylene polymer composition, 
using the propylene polymer (A3), the propylene polymer (A2}. the soft polymer (B) and if desired other components 
which may be optionally added. 

The fifth propylene oolvmer composition 

25 

The fifth propylene polymer con^DOSitton according to the inventk)n comprises: 

(A4) a propylene polymer which is prepared by the use of a catalyst comprising (d) the solid titanium catalyst com- 
ponent and (e) the organometallic compound catalyst component, and which has MFR, as measured at 230 ""C 
30 under a load of 2.16 kg. of 0.01 to 50 g/10 min, a molecular weight distribution (Mw/Mn), as measured by GPC, of 
4 to 15 and a crystallinity. as measured by X-ray diffractometry, of not less than 50 %; and 
(C) an ethylene/olef in random copolymer which is characterized in that: 

the copolymer is prepared t}y the use of a catalyst comprising: 

35 

(i) (f) a transition metal compound containing a ligand having a cydopentadienyt skeleton, 

(ii) at least one compound selected from the groups consisting of 

(b) an organoaluminum oxy-oompound. and 
40 (g) a compound which reacts with the transition metal compound (f) to fbrm an ion pair. 

the copolymer contains constituent units derived from ethylene in an amount of 20 to 80 % by mol. and 
the copolymer has an intrinsic viscosity [ti], as measured in decaiin at 135 ^C. of 1.5 to 5 dl/g. 

45 ProovlenflPQlvmar fA4^ 

The propylene polymer (A4) is a propylene homopolymer or a propylene copolymer, and desirably has MFR. as 
measured at 230 ""C under a load of 2. 1 6 kg. of 0.01 to 50 g/1 0 min, preferably 1 to 30 g/10 min. The molecular weight 
distribution (Mw/Mn) of this propylene polymer, as measured by GPC, is desired to be in the range of 4 1o 1 5, preferably 
50 4 to 8. Further, this propylene polymer Is desired to have a crystallinity, as measured by X-ray diffractometry, of not less 
than 50 %. more preferably not less than 60 %, and to be highly crystalline. 

The propylene polymer (A4) is desired to have an Intrinsic viscosity [i]], as measured in decaiin at 135 ^'C, of 1 .3 to 
5.0 dl/g, preferably 1.4 to 3.0 dl/g. a weight-average nrrolecular weight of 12 x 10^ to 100 x 10"*. preferably 13 x 10"* to 
40 X 10^, and a boiling heptane extraction resKlue proportion (I.I.) of not less than 90 %. preferably not less than 93 %. 
55 The propylene polymer (A4) may contain constituent units derived ethylene and a-d^ins of 4 to 20 cart)on atoms 
in an amount of not more than 5 % by mol. 

Examples of the a-olefins of 4 to 20 carbon atoms include 1-butene, 1-pentene, 1-hexene, 3-methyl-1-butene. 3- 
methyl-1-pentene, 3-ethyl-1-pentene, 4-methyl-1-pentene. 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4,4-dimethyl-1- 
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pentene. 4-6thy1-1-hexene. S-ethyl-l-hexene. 1-octene, 1<iecene. 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octa- 
decene and l-eicosene. 

Ethyiene/Qiflfin random copolymar (C) 

s 

The ethylene/olefin random copolymer (C) contains constituent units derived from ethylene in an amount of 20 to 
80 % by mol. preferably 30 to 60 % by mol, and contains constituent units derived from at least one monomer (olefin) 
selected from aK>leflns of 3 to 20 cart)on atoms and polyenes of 5 to 20 carbon atoms in an amount of 80 to 20 % by 
mol, preferably 70 to 40 % by md. 

10 Examples of the a-olef ins of 3 to 20 carbon atoms include propylene, 1 -butene, 1 -pentene. 1 -hexene, 4-methyl- 1 • 
pentene, 1-octene. 1-decene, 1-dodecene, 1-tetradecene. l-hexadecene and 1-octadecene. Of these, propylene is 
prefen^ed. These a-olefins may be used singly or in combination of two or more. 

The polyene of 5 to 20 carbon atoms is. for example, a conjugated or non-conjugated polyene having two or more 
olef inic double bonds. 

75 Examples of such polyenes include: 

chain polyene conrpounds, such as 1 ,3-p^adiene, 1,4-pentadien6. 1 .3-hexadiene, 1 ,4-hexadiene. 1.5-hex^iene, 

4- methyl-1 ,4-hexadiene, 5-methyl-1 .4-hexadiene, 6-methyl-1,6-octadiene, 7-methyl-1,6-octadiene. 6-ethyl-1,6- 
octadiene, 6-propyl-1,6-octadiene. 6-butyl-1 ,6-octadiene, 6-methyl-1.6-non^iene. 7-methyl-1,6-nonadiene. 6- 

20 ethyl-1,6-nonadiene, 7-ethyl-1,6-nonadiene, 6-methyl-1.6-decadiene. 7-methyl-1.6-decadtene. 6-methyl-1,6- 
undecadiene. 1.7-octadlene. 1.9-decadiene. 2.4.6-octatrlene. 1 ,3.7-octatrlene. 1.5.9-decatriene and divlnyiben- 
zene; and 

cydic polyene compounds, such as 1.3'Cyctopentadiene. 1.3-cyclohexadiene. 5-ethyl-1,3-cyclohexadiene. 1.3- 
cydoheptadlene. dicyclopentadtene. dicyclohexadlene. 5-ethylidene-2-norbornene, 5-vlnyl-2-norbornene. 5-iso- 
25 propylidene-2-norbornene, methylhydroindene, 2,3-diisopropylidene-5-nortx>rnene, 2-ethylldene-3-isopropylidene- 

5- nortornene, 2-ethytidene-3-isopropylidene-5-nort)ornene and 2-propenyl-2.5-norbomadiene. 

The ethylene/olefin random copolymer (C) has an intrinsic viscosity [i]]. as measured in decalin at 135 ""C. of 1 .5 to 
5 dl/g, preferably 2.0 to 4.0 dl/g. 
30 The ethylene/olefin random copolymer (C) desirably has a nrwiecular weight distribution (Mw/Mn), as measured by 
QPC. of not more than 3.0, preferably 2.0 to 2.5, 

Further, the ethylene/olefin random copolymer (C) is desired to have a glass transition temperature (Tg) of not 
higher than -40 ""C. preferably not higher than -50 ""C. 

The ethylene/olefin random copolymer (C) Is desired to be lowly crystalline or amorphous, and to have a aystallin- 
35 ity, as measured by X-ray diff ractometry, of not more than 30 %. preferably 0 to 1 0 %. 

Prppyigng pQiYmgr wmpQgitiQn 

The fifth propylene polymer composition comprises the propylene polymer (A4) and the ethyfene/olefin random 
40 copolymer (C). In this composition, it is desired that the propylene polymer (A4) is contained in an amount of 50 to 97 
% by weight, preferably 70 to 90 % by weight; and the ethylene/olefin random copolymer (C) is contained in an amount 
of 3 to 50 % by weight, preferably 10 to 30 % by weight. 

The fifth propylene polymer composition is desired to have MFR, as measured at 230 °C under a load of 2.16 kg, 
of 0.01 to 100 g/10 min. preferably 1 to 50 g/10 min. In this composition. Mw/Mn of all the propylene components for 
45 constituting the composition Is desirably in the range of 4 to 1 5. 

The density of the fifth propylene polymer composition is desired to be in the range of 0.88 to 0.92 g/cm^, preferably 
0.89 to 0.92 g/cm^. 

The flexural modulus (FM) thereof is desired to be In the range of 8,000 to 17,000 kg/cm^. preferably 9.000 to 
15,000 kg/cm2. 

so The Izod impact strength (IZ) thereof at 23 ""C is desired to be in the range of 10 to 50 kg • cnVcm. prefer^ly 10 to 
40 kg • cm/cm, and at -30 ""C in the range of 5 to 15 kg • cm/cm, preferably 7 to 1 5 kg • cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 500 %. preferably 250 to 450 %. 

The heat distortion temperature (HDT) thereof is desired to be not tower than 80 ""C, preferably in the range of 90 
tollO°C. 

55 The fifth propylene polymer composition may contain, if necessary, additives which may be added to the first pro- 
pylene polymer composition, with the proviso that the object of the invention is not marred. 

The fifth propylene polymer compositon can be prepared by known processes. For example, the composition can 
be prepared in accordance with the processes (1) to (4) described for the first propylene polymer composition, using 



36 



EP0 841 373 A2 



the propylene polymer (A4) and the ethylene/olefin random copolymer (C). 

Such fifth propylene polymer composition is excellent in not only heat resistance and rigidity but also mechanical 
strength such as f lexural strength and impact resistance. 

The fifth propylene polymer composition is excellent especially in the iow-tenperature impact resistance as com- 
pared with a propylene polymer composition comprising a propylene polymer and an ethylene/olefin random copolymer 
prepared by the use of a conventional titanium catalyst. 

The fifth propylene polymer composition can be favorably used for structural materials such as those of automo- 
biles and electrical appliances. 

Next, the catalyst used for the preparation of the propylene polymer (A4). the process for preparing said catalyst, 
the catalyst used for the preparation of the ethylene/olefin random copolymer and the process for preparing said cata- 
lyst are described. 

The propylene polymer (4) is obtained by polymerizing propylene in the presence of an olefin polymerization cata- 
lyst comprising the solid titanium catalyst component (d) and the organometallic compound catalyst component (e), 
said catalyst being the same as the olefin polymerization catalyst (2) which is used for the preparation of the propylene 
polymer (A3). 

In the polymerization of propylene, other nrK>nomers than propylene, such as ethylene and the aforesaid a-olefins 
of 4 to 20 carbon atoms, may be used in the anx>unts of not more than 0. 1 mo\ based on 1 mol of propylene. 

The propylene polymer (A4) can be prepared by either a liquid phase polymerization process such as a solution 
polymerization process and a suspension polymerization process, or a gas phase polymerization process. 

When the polymerization is conducted in the reaction form of tiie suspension polymerization, polyene compounds 
and olefins which are liquid at reaction tennperatures and/or the same inert solvents as used for ttie preparation of the 
olefin polymerization catalyst (1) can be used as the reaction solvent. 

The olefin polymerization catalyst used for the polymerization is generally used In the following amount, though the 
amount varies depending upon the kind. 

TTie solid titanium catalyst component (d) (including the prepolymerized catalyst) is used in an aniount of usually 
about 0.001 to 100 mmol, preferably about 0.005 to 20 mmot. in terms of the titanium atom in ttie solid titanium catalyst 
component (d) or the prepolymerized catalyst, based on 1 liter of ttie polymerization volume. 

The organometallic compound catalyst component (e) is used In such an amount ttiat ttie amount of the metal atom 
in said catalyst component (e) is in ttie range of usually at)out 1 to 2.000 mol. preferably about 5 to 500 mol, based on 
1 mol of the titanium atom in ttie solid titanium catalyst component (d) or ttie prepolymerized catalyst 

The same electron donors as ttie aforesaid electron donors (k) and (I) may be also employed in addition to ttie cat- 
alyst component (d) and ttie catalyst component (e). When the electron donor is used, ttie amount of the electron donor 
is in ttie range of usually about 0.001 to 10 mol. preferably 0.01 to 5 mol, based on 1 md of the metal atom in ttie orga- 
nometallic compound catalyst component (e). 

The olefin polymerization catalyst used for preparing the propylene polymer (A4) may contain ottier components 
than ttie above-mentioned components, which are useful for the olefin polymerization. 

The molecular weight of the resulting polymer can be regulated if hydrogen is used in the polymerization, whereby 
a polymer having a high melt flow rate can be obtained. 

The polymerization is generally carried out under ttie following condition& The polymerization temperature is in ttie 
range of about -40 to 300 ""C. preferably about -20 to 1 50 ''C. and ttie polymerization pressure is in ttie range of atmos- 
pheric pressure to 100 kg/cm^. preferably about 2 to 50 kg/cm^. 

The polymerization can be carried out either k)atchwise, semi-continuously or continuously. Further, the polymeri- 
zation can be conducted in two or more steps, and in this case, the reaction conditions may be the same as or different 
from each other. 

The ettiylene/olefin random copolymer (C) is obtained by copolymerizing ettiylene and at least one monomer (ole- 
fin) selected from an a-olef in of 3 to 20 cart)on atoms and a polyene of 5 to 20 cart>on atoms in the presence of an olefin 
polymerization catalyst [olefin polymerization catalyst (3)] comprising: 

(i) (f) a transition metal compound containing a ligand having a cyclopentadlenyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(g) a compound which reacts with ttie transition metal compound (f) to form an ion pair. 

Fig. 3 illustrates steps of a process for preparing the olefin polymerization catalyst which Is used for ttie preparation 
of ttie ettiylene/defki random copolymer (C) 

Examples of ttie transition metal oonrpound (f) having a cyclopentadlenyl skeleton include ttie transition metal com- 
pound (h) represented by the aforementioned formula (I) and the compound represented by ttie following formula (Ic). 
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ML, (Ic) 

wherein M is a transition metal atom selected from the group consisting of zirconium, titanium, hafnium, vanadium, nio- 
bium, tantalum and chromium, L is a llgand coordinating to the transition metal, at least one of L is a ligand having a 
cydopentadienyl skeleton, and L other than the ligand having a cydopentadienyl skeleton is a hydrocarbon group of 1- 
12 cartwn atoms, an alkoxy group, an aryloxy group, a trialkylsilyl group. SO3R group (provided that R is a hydrocartx)n 
group of 1 -8 cart}on atoms which may have such a substituent as halogen), halogen atom or hydrogen atom, and x is 
a valence of the transition metal atom. 

The ligands having a cydopentadienyl skeleton are. for example, cydopentadienyl group, alkyl-substituted 
cydopentadienyl groups such as methylcyclopentadienyl, dimethylcydopentadienyl, trimethytcyclopentadlenyl. tetram- 
ethylcyclopentadienyl. pentamethylcydopentadienyl. ethylcydopentadlenyl, methylethylcyclopentadienyl, propylcy- 
clopentadienyl, methylpropytcyclopentadienyl, butylcyclopentadienyl, methylbufylcyclopentadienyl and 
hexylpentadienyl, or indenyl group. 4,5.6, 7-tetrahydroindenyl group and fluorenyl group. These groups as exemplified 
above may be substituted with a halogen atom or trialkylsilyl group. 

Of the ligands coordinating with the transition metal atom, particularly preferred is an alkyl-substituted cydopenta- 
dienyl group. 

When the compound represented by the formula (Ic) contains 2 or more ligands each having a cydopentadienyl 
skeleton, the two ligands out of those having a cydopentadienyl skeleton may be linked together through an alkylene 
group such as ethylene or propylene, a substituted alkylene group such as isopropylidene or diphenylmethylene. a 
silylene group or a substituted silylene group such as dimethylsilylene, diphenylsilylene or methylphenylsilylene. 

The ligands L other than those having a cyctopentadienyl skeleton may Indude those mentioned below. 

The hydrocaribon groip of 1-12 carbon atoms indudes such group as alkyi, cydoalkyl. aryl or aralkyl. and more par- 
ticularly, 

the alkyI group indudes methyl, ethyl, propyl, isopropyl or butyl; 
the cydoalkyl group indudes cyck)pentlyl or cyclohexyl; 
the aryl group indudes phenyl or tolyl; and 
the aralkyi group includes benzyl or neophyl. 

Further, the alkoxy groip includes methoxy, ethoxy or butoxy; 

aryloxy group includes phenoxy; 

the halogen indudes fluorine, chlorine, bromine or iodine; and 

the ligand represented by SO3R includes p-toluenesuHbnate. methanesulfonate or trifluoromethanesuHbnate. 

When the valence of the transition metal atom is, for example, 4. the transition metal compound is represented by 
the following formula (Id) in more detail. 

r2,r3,r4^r5„M (Id) 

wherein M represents the aforementioned transition metal atom, R^ represents a group (ligand) having a cydopentadi- 
enyl skeleton, R^, R^ and R^ each represent a group having a cydopentadienyl skeleton. alkyI group, cydoalkyl group, 
aryl group, aralkyi groups alkoxyl group, aryloxy group, trialkylsilyl group, SO3R group, halogen atom or hydrogen atom, 
k is an integer of 1 or more, and kf l+nfVHiB4 . 

In the present invention, there is used preferably a metallocene compound having the above-mentioned formula 
(Id) in which at least two of R^. R^. R^ and R^ are the groups (ligands) having a cydopentadienyl skeleton, for example, 
R^ and R^ are the groups (ligands) having a cydopentadienyl. In this case, the groips having a cydopentadienyl skel- 
eton mentioned above may be linked together through an alkylene group such as ethylene or propylene, a substituted 
alkylene group such as isopropylene or diphenylmetiiylene. a silylene group or a substituted silylene group such as 
dimethylsilylene, diphenylsilylene or metiiylphenylsilylene. Further, R"^ and R^ are each a group having a cydopentadi- 
enyl skeleton, alkyI group, cydoalkyl group, aryl group, arlakyi group, alkoxyl group, aryloxy group, trialkylsilyl group, 
SO3R group, halogen atom or hydrogen atom. 

Exemplified betow are the transition metal compounds wherein M is zirconium. 

Bis(indenyl)zirconium dichloride. 
Bis(indenyl)zirconium dibromkJe. 
Bis(indenyul)zirconium bis(p-toluenesulfbnate). 
Bis(4,5,6,7-tetrahydroindenyl)ziroonium dichloride. 
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Bis(f tuorenyQzirconium dichtoride, 
Ethy1enebisCindenyl)zirconium dichloride, 
Ethylenebis(indenyl)zirconium dlbromide. 
Etr^enebis(indenyl)dimethylzirconium. 
Ethylenebis(indenyl)diphenylzirconium, 
Ethylenebis{indenyl)methylzirconium monochloride, 
Ethylenebi8(indenyt)zirGonium bi8(methane8utfonat6). 
Ethylenebis(irideny1)ziroonium bis(p-totuenesulfonate). 
Et^enebis(ind6nyl)zirconium bis(tr'rfluorom6thanesul1bnate). 
Ethylenebis(4.5,6,7-tetrahydroindeny1)ztrcx)nium dichloride, 
lsopropytidene(cycloperrtadienyl-fluorenyt)zirconium dichloride, 
lsopropylidene(cyclopentadienyl-methylcyclopentadieriyOzirconiurn dichloride. 
Dimethyl8ilylenebl8(cyclopentadienyl)zirconium dichloride, 
Dimethylsilylenebis(rnethyicycloperttadienyl)zirconium dichloride, 
Dim6thylsilylenebi8(dim6thylcyctopentadienyl)zirconium dichloride, 
Dim6thyl8ilyler)ebis(trimethylcyclopemadieny1) zirconium dichloride, 
Dimethylsilylenebis(indenyl)zirconium dichloride, 
Dim6thylsilylenebi&(2-methylindenyl)zirconium dichloride, 
Dimethylsilylen^is(2-m6thyl, 4-i8opropytindenyl)zirconium dichloride. 
Dimethyl8iiylenebi8(indenyl)zirconium bi8(trifluoromethane-8ulfonate}, 
Dlmethyl8lty1eriebls(4.5.6,7-t6trahydrdndenyl)zlrconiumdlchlori^ 
Dim6thyl8ilylene(cyclopentadienyl-fluorenyl)ziroonium dichloride, 
Diphenylsiiylenebis(irKlenyi)zirconium dichloride, 
Diphenyl8ily{enebis(2-niethyl. 4-isopropytindenyl)zirconlum dichloride, 
Methylphenylsilylenebls(indenyl)zirconlum dichloride. 
Bis(cyclopentadierTyl)zirconlum dichloride, 
Bis(cyclopentadienyl)zirconium dbromide. 
Bis(cyclopentadienyl)methylzlrconium monochloride, 
Bl8(cyclopentadienyl)6thylzlrconium monochloride, 
Bi8(cyclopentadlenyl)cyclohexylzirconiumnx)nochloride, 
Bis(cyclopentadienyl)phenylzlrconium monochloride, 
Bis(cyclopentadienyObenzylzirconiun monochloride, 
Bi8(cyclopentadienyOzirconium monochloride monohydride, 
Bl8(cyclopentadlenyl)methylzlrconium monohydride, 
Bi8(cyclopentadienyl)dimethylzirconium, 
Bis(cyclopentadieny[)diphenylzlrconium, 
Bi8(cyclopentadienyf)dibenzylzirconium, 
Bi8(cyclopentadienyf)zirconium methoxychloride, 
Bi8(cyclopentadienyl)zirconium ethoxychloride, 
Bis(cyclopentadienyl}zirconium bis(methanesulfbnate). 
Bi8(cyclopentadienyl)zirconium bi8(p-toluene8ulfonate), 
Bi8(cyclopentadienyl)zirconium bis(trifluoromethanesuHbnate). 
Bis(methytcyclopentadienyl)zirconium dichloride. 
Bi8{dimetfTylcydopentadienyl)zirconium dichloride, 
Bi8(dim6thylcyclopentadieny1)zirconium ethoxychloride. 
Bi8(dimethylcyclopentadienyl)zirconlum bi8(trifluoromethane8ulfonate), 
Bis(ethylcyctopentadienyl)zlrconium dichloride. 
Bis(methylethylcyclopentadlenyt)zirconium dichloride. 
Bis{propylcyciopentadienyl)zirconium dichloride. 
Bis(methylpropylcydopentadieny1)ziroonium dichloride, 
Bis(butylcyclopentadienyt)zirconium dichloride. 
Bi8(methylbutytcyclopentadienyl)zlrconium dichloride. 
Bis(methy1buty{cyctopentadienyl)zirconium bis(methanesulfbnate). 
Bi8(trimethylcyclopentadienyl)zirconium dichloride, 
Bis(t6tramethylcyclopentadienyl)zirconium dichloride. 
Bis(pentamethylcyclopentadienyl)zirconium dichloride, 
Bis(h6xylcyciopentadienyl)zirconiijm dichloride, and 
Bi8(trim6thylsilylcydop6tnadienyQzirconlum dichloride. 
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In the compounds exenplif ied above, the di-substituted cyclopentadienyl ring includes 1 .2- and 1 .3-substituted 
compounds, and the tri-substituted cyclopentadienyl ring includes 1 ,2.3- and 1 .2.4-substituted compounds. Further, the 
alkyi group such as propyl or butyl Includes isomer such as n-, i-, sec-, tert-compounds. 

In the present invention, the above-exemplified zirconium compounds in which the zirconium has been replaced by 
titanium, hafnium, vanadium, niobium, tantalum or chromium can also be used as the transition metal compounda 

Of the above-exenrplif ied transition metal compounds, preferably used are the ziroonocene compounds which have 
zirconium as the central metal atom and have at least two ligands containing a cyclopentadienyl skeleton. 

In the present invention, the transition metal compound represented by the aforementioned formula (Q is particu- 
larly preferably used as the transition metal compound (f). 

The transition metal compounds may be used singly or in combination of two or more kinds. These compounds 
may be used by diluting them with hydrocaitons or halogenated hydrocart>ons. 

The transition metal compound (!) may be supported on a particulate carrier. As the carrier, the same particulate 
can'ier as used in the preparation of the olefin polymerization catalyst (2) can be mentioned. 

The organoaluminum oxy-compound (b) is identical with the aforesaid organoaluminum oxy-compound. and this 
organoaluminum oxy-compound (b) can be used by supporting it on the above-mentioned carrier. 

The compound (g) which reacts with the transition metal compound (f) to form an ion pair is identical with the albre- 
said compound (c). and this compound (g) can be used by supporting it on the above-mentioned carrier. 

The olefin polymerization catalyst (3) used for preparing the ethytene/olefin random copolymer (C) can be prepared 
by mixing the transition metal compound (f) [component (f)] and the organoaluminum oxy-compound (b) [component 
(b)] (or the conrpound (g) which reacts with the transition metal compound (f) to form an ion pair, [component (g)]). and 
if desired, the organometallic compound (e) [component (e)] in an inert hydrocaibon solvent or an olefin solvent 

As the inert hydrocarbon solvent used for the olefin polymerization catalyst (3). the same inert hydrocarbon solvent 
as used for preparing the olefin polymerization catalyst (1) can be mentioned. 

In the preparation of the olefin polymerization catalyst (3), each components may be mixed in an optional order, but 
preferably they are mixed in the following nfianner: 

the component (b) [or the component (g)] is mixed with the component (f); 

the component (b) is mixed with the component (e), and the resulting mixture is then mixed with the component (f); 
the component (f) is mixed with the component (f>) [or the component (g)]. and the resulting mixture is then mixed 
with the component (e); or 

the component (f) is mixed with the component (e). and the resulting rrnxture is then mixed with the component (b) 
[or the component (g)]. 

In the mixing of each components, an atomic ratio (Al/transitton metal) of the aluminum in the component (b) to the 
transition metal in the component (f) is in the range of usually 10 to 10,000, preferably 20 to 5.000; and a concentration 
of the component (f) is in the range of about 10'^ to 10 '' mol/l-solvent, preferably 10"^ to 5 x 10"^ mol/l-solvent. 

When the component (g) is used, a molar ratio [component (f)/component (g)] of the component (f) to the compo- 
nent (g) is in the range of usually 0.01 to 10. preferably 0. 1 to 5; and a concentration of the component (f) is in the range 
of about 10 ® to 10"^ mol/l-solvent preferably 10"^ to 5 x 10"^ mol/l-solvent. 

When the component (e) is used, an atomic ratio (M/AI) of the metal atom (M) in the connponent (e) to the aluminum 
atom (Al) in the component (b) is in the range of usually 0.02 to 20, preferably 0.2 to 10. 

The above-mentioned components may be mixed in a pdymerlzer. Othenmse. a mixture of the components before- 
hand prepared may be fed to a polymerizer. 

If the components are beforehand mixed, the mixing temperature is in the range of usually -50 to 150 preferably 
-20 to 1 20 ^'C; and the contact time is in the range of 1 to 1 ,000 minutes, preferably 5 to 600 minutes. The mixing tem- 
perature may be varied while the components are mixed and contacted with each other. 

The olefin polymerization catalyst (3) may be an olefin polymerization solid catalyst in which at least one of the 
component (f). the component (b) [or the component (g)] and the component (e) is supported on an inorganic or organic 
carrier of granular or particulate solid. 

As the parttoutate carrier, those used for the preparation of the aforesaid olefin polymerization catalyst (2) can be 
employed. 

The olefin polymerization catalyst (3) may be a prepolymerized catalyst formed from the particulate carrier, the 
component (f). the component (b) [or the component (g)] and an olefin polymer produced by the prepolymerizatlon. and 
if desired, the component (e). 

The olefin used for the prepolymerization includes olefins such as propylene, ethylene and 1 -butene. but a mixture 
of these olefins and other olefin may also be employed. 

In additron to the above components, the olefin polymerization catalyst (3) nnay contain other components which 
are useful for the olefin polymerization, for 
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example, water as a catalyst component. The ethylene/olefin random copolymer (C) can be prepared by copolym- 
erizing ethylene and at least one monomer (olefin) selected from a-olefins of 3 to 20 cartx)n atoms and polyenes of 5 
to 20 carbon atoms in the presence of the olefin polymerization catalyst (3). In the copdymerization. ethylene and the 
olefin are used in such amounts that the resulting ettiylene/olef in random copolymer (C) has the aforementioned com- 
position. 

The copolymerization to prepare the ethylene/olefin random copolymer (C) may be carried out in the presence of 
a hydrocarbon medium. 

Examples of the hydrocarbon media include hydrocarbons which are used for preparing the organoaluminum oxy- 
corrpound (b). 

Of such hydrocarbons, preferably used are hexane. methylpentane. methylcyclopentane, heptane, octane, 
cyclohexane, etc. Also employable as the hydrocarbon medium is an a-olef in which Is liquid under the copolymerization 

conditions. 

The polymerization of ethylene and an olefin is carried out under the conditions of a temperature of usually -20 to 
200 **C, preferably 0 to 180 °C. particularly preferably 20 to 160 °C, and a pressure of usually atmospheric pressure to 
100 kg/cm^. preferably atmospheric pressure to 50 kg/cm^. particularly preferably atmospheric pressure to 30 kg/cm^. 

The molecular weight of the resulting copolymer can be regulated by varying the polymerization conditions such as 
a polymerization temperature or by controlling the amount of hydrogen (molecular weight regulator) used. 

In the present invention, the molecular weight is regulated so that the resulting copolymer has MFR of the aforesaid 
value. 

The copolymerization may be carried out by a solution polymerization process, a suspension polymerization proc- 
ess, etc. In this inventfon, a solution polymerization process is preferably used. Though the polymerization reaction may 
be carried out either batchwise, semi-continuously or continuously, it Is preferably carried out continuously. Further, it is 
also possible to conduct the polymerization in two or more steps having different reaction conditions. 

The polymer obtained immediately after the polymerization can be recovered by conventionally known separation 
and recovery methods. 

In the case of the solution polymerizatk)n, it is preferred to solidify the polymer by directiy evaporating the solvent, 
or to solidify the polymer by evaporating the solvent from ttie concentrated phase after phase separation. 

The sixth oroiavlene Pdvmer composition 

The sixtii propylene polymer composition comprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

(i) (h) a transition metal compound represented by ttie aforesaid formula (I), and 

(ii) at least one conpound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(0 a compound which reacts witii the transition metal compound (h) to fomi an ton pair; and 

(A6) a propylene polymer which contains constituent units derived from propylene In an amount of not less than 90 
% by nfK>l and is different from the propylene honrxipolymer (A5). 

Propylene homopolvmflr f AS) 

The propylene homopolymer (AS) for constituting tiie sixtii propylene polymer composition is a homopolymer of 
propylene which is prepared by the use of an olefin polymerization catalyst comprising a transition metal compound (h) 
represented by the aforesaid formula (I) and at least one compound selected from tiie organoaluminum oxy-compound 
(b) and tiie compound (/). 

The propylene homopolymer (AS) is desired to have MFR. as measured at 230 ''C under a load of 2.16 kg, of 0.01 
to 1 ,000 g/1 0 min, preferably O.S to 200 g/1 0 min. and Mw/Mn. as measured by QPC, of 1 .5 to 3.5, preferably 2.0 to 3,0. 
more preferably 2.0 to 2.5. 

Furtiier. tiie propylene homopolymer (AS) is desired to have an intrinsic viscosity as measured in decalln at 1 35 
«C. of 0. 1 to 20 dl/g. preferably 0.5 to 10 dl/g. more preferably 1 to 5 dl/g. and a weight-average molecular weight of 1 x 
10^ to 500 X 10*. preferably 1 x 10^ to 100 x 10^. 

The crystallinlty of the propylene homopolymer (AS), as measured by X-ray diffractometry, is desired to be not less 
than 40 %. preferably not less tiian 50 %, and the boiling heptane extraction residue proportion (I.I.) tfiereof is desired 
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to be not less tiian 90 %, preferably not less than 93 %. 

The triad tacticity (mm fraction) of the propylene homopolymer (A5) is desired to be not less than 99.0 %, preferably 
not less than 99.2 %. more preferably not less than 99.5 %. 

The proportion of the irregularly positioned units Cinversely inserted units) based on the 2, 1 -insertion of the propyl- 
5 ene monomer is desired to be not more than 0.5 %, preferably not more than 0.18 %. more preferably not more than 
0.15%. 

The proportion of the irregularly positioned units based on the 1,3-insertion of the propylene monomer is desired 
to be less than the detected lower limit by the ^^C-NMR measurement (less than 0.03 %). 

The triad tacticity (mm fraction), the proportion of the Irregularly positioned units based on the 2,1 -insertion of the 
10 propylene monomer, and the proportion of the in^egularly positioned units based on the 1 .3-insertlon of the propylene 
monomer, of the above-mentioned propylene honfK3polymer and the later-described propylene copolymer are deter- 
mined in the following manner. 



[Triad tacticity (mm fraction)] 

The triad tacticity (mm fraction) of the propylene copolymer is defined, when a sequence of optional three propyl- 
ene units with head-to-tail bonds in the polymer chain is expressed by a planar zigzag structure, as a proportion of such 
propylene unit sequences that the direction of methyl branches thereof are the same as each other, and determined by 
the ^^C-NMR spectrum using the following equation: 

Triad tacticity (%) o ppp(^^) .^g) ^ ppp(„) x 100 



2S wherein PPP(mm), PPP(mr) and PPP(rr) denote absorption intensities originating from the methyl group of the second 
unit in the 3-propylene unit sequences with head-to-tail bonds represented by the fallowing formulas, respectively: 
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PPP (nun) 



CH3 CH3 CH3 

I i I 

- {CH-CH2) - (CH-CH2) - {CH-CH2) 
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PPP (mr> 



CH3 CH3 
I I 
- {CH-CH2> - {CH-CH2) - {CH-CH2) 



CH3 
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CH3 CH3 
I I 

PPP(rr) : - (CH-CH2) - (CH-CH2) - (CH-CH2) - 

I 

CH3 



The ^^C-NMR spectrum was measured in the fbllcwing manner. A sample was completely dissolved in a mixed sol- 
vent containing about 0.5 ml of hexachlorobutadiene, o-dichlorobenzene or 1,2,4-trichlorot)enzene and about 0.05 ml 
ofdeuterated benzene (i.e., lock solvent) in a NMR sample tube (diameter: 5mm), and then subjected to a proton per- 
fect decoupling method at 120 °C to measure the ^^C-NMR spectrum. The measurement is conducted under the con- 
55 ditions of a flip angle of 45° and a pulse interval of not less than 3.4 T^ (T^ is a maximum value with respect to a spin- 
lattice relaxation time of the methyl group). As for the propylene, the spin-lattice relaxation time of the methyl group is 
longer than that of the methylene group and that of the methine group, and hence the magnelizalion recovery of all car- 
bons in the sample under these conditions is not less than 99 %. With respect to the chemical shift, the methyl group 
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of the third unit in the 5-propytene unit sequence with head-to-tail bonds is set to 21 .593 ppm. and the chemical shift of 
other cBston peak is determined by using this value as a reference. 

The peak region is classified into the first region (21.1 - 21.9 ppm), the second region (20.3 - 21.0 ppm) and the 
third region (19,5 - 20.3 ppm). 

In the first region, the methyl group of the second unit in the 3-propylene unit sequence represented by PPP(mm) 
resonates. 

In the second region, the methyl group of the second unit in the 3-propylene unit sequence represented by PPP(mr) 
and the methyl group (PPE-methyl group) of a propylene unit whose adjacent units are a propylene unit and an ethylene 
unit resonate. 

In the third region, the methyl group of the second unit in the 3-propylene unit sequence represented by PPP(rr) 
and the methyl group (EPE-methyl group) of a propylene unit whose adjacent units are etfiylene units resonate. 

The propylene copolymer has, as partial structures containing an irregularly positioned unit, the following structures 
{i).(ii)and(iii): 

Structure (i) 

A B C 
CH3 CH3 CH3 CH3 CH3 CH3 

I I I I II 

- (CH2-CH) - (CH2-CH) - (CH2-CH) - (CH-CH2) - (CH2-CH) - {CH2-CH) - 



Structure (ii) 

D ED 
CH3 CH3 CH3 CH3 CH3 

11 I II 

- (CH2-CH) - (CH2-CH) - {CH2-CH2) - (CH-CH2) - (CH2-CH) - (CH2-CH) - 

Structure (iii) 

E' D' 

CH3 CH3 CH3 CH3 CH3 

II I II 

- (CH2-CH) - (CH2-CH) - (CH2-CH2) n" (CH-CH2) - (CH2-CH) - (CH2-CH) - 



(n ^ 2) 



Of the peaks originating from these structures (i), (■■) and (ill), the peaks based on the cart)on A and the carbon B 
do not appear in the first to third regions, because the carbon A and the carbon B resonate at 1 7.3 ppm and 1 7.0 ppm, 
respectively Further, the carbon A and the cart)on B have no concern with the 3-propylene unit sequence with head-to- 
tail bonds, so that It is unnecessary to take those carbons into account in the calculation of the triad tacticity. 

The peak based on the carbon C, the peak based on the caitx)n D and the peak based on the carbon D' appear in 
the second region, and the peak based on the cart)on E and the peak based on the carbon E' appear In the third region. 
Accordingly, of the peate which appear in the first to third regions, the peaks which are not based on the 3-propylene 
unit sequence with heat-to-tall bonds are those based on the PPE-methyl group (resonance in the vicinity of 20.7 ppm), 
the EPE-methyl grotp (resonance in the vicinity of 19.8 ppm), the carbon C, the cartDon D. the carbon D*. the carbon E 
and the carbon E'. 

The peak area based on the PPE-methyl group can be determined from the peak area of the PPE-methine group 
(resonance in the vicinity of 30.6 ppm); and the peak area based on the EPE-methyl group can be deternftined from the 
peak area of the EPE methine group (resonance in the vicinity of 32.9 ppm). The peak area based on the carbon C can 
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be determined from the peak area of ttie adjacent methine group (resonance in the vidnity of 31 .3 ppm); the peak area 
based on the cartx)n D can be determined from 1/2 as much as the sum of the peak areas of the peaks based on the 
op methylene carbons of the above structure (ii) (resonance in the vicinity of the 34.3 ppm and In the vicinity of 34.5 
ppm); the peak area based on the carbon D* can be determined from the peak area based on the methine group acQa- 

5 cent to the methyl group (resonance in the vicinity of 33.3 ppm) of the carbon E' of the above structure (iii); the peak 
area based on the carbon E can be determined from the peak area of the adjacent methine cartx)n (resonance in the 
vicinity of 33.7 ppm); and the peak area based on the cartx>n E' can be determined from the peak area of the adjacent 
methine carbon (resonance in the vicinity of 33.3 ppm). 

Accordingly, by subtracting these peak areas from the total peak areas of the second and third regions, the peak 

10 areas originating from the 3-propylene unit sequences (PPP(mr) and PPP(rr)) consisting of head-to-tail bonds can be 
obtained. 

Thus, the peak areas of PPP(mm), PPP(mr) and PPP(rT) can be determined, and hence the triad taclicity (mm frac- 
tion) of the propylene unit sequences consisting of the head-to-tail bonds can be calculated by the above-mentioned 
equation. 

IS The triad tacticity (mm fraction) of the propylene homopolymer is defined, when a sequence of optional three pro- 
pylene units with head-to-tail bonds in the polymer chain is expressed by a planar zigzag structure, as a proportion of 
such propylene unit sequences that the direction of methyl groups thereof are the same as each other, and determined 
by the ^^C-NMR spectrum using the following equation: 

20 

Triad tacticity (%) » PPP 

ZICH3 

25 wherein PPP(mm) has the same meaning as defined above, and LICHa denotes the total peak areas based on all of 
the methyl groups. 

With respect to the chemical shift, the methyl group of the third unit in the 5*propylene unit sequence with heat-to- 
tail bonds is set to 21 .593 ppm, and the chemical shift of other cartoon peak is determined by using this value as a stand- 
ard. 

30 In accordance with the standard, the peak based on the methyl group of the second unit in the 3-propylene unit 
sequence represented by PPP(mm) appears within the range of 21 . 1 to 2 1 .9 ppm; the peak based on the methyl group 
of the second unit in the 3-propylene unit sequence represented by PPP(mr) appears within the range of 20.3 to 21.0 
ppm; and the peak based on the methyl group of the second unit in the 3-propylene unit sequence represented by 
PPP(n') appears within the range of 19.5 to 20.3 ppm. 

35 The propylene homopolymer has such a partial structure containing the irregularly positioned unit based on the 
2, 1 -Insertion as r^resented by the aforesaid structure (i) in a smalt anrx)unt, in addition to the regular structure in which 
the propylene units are bonding with head-to-tail. 

In the in-egular structure represented by the structure (i), the aforementioned definition of PPP(mm) is not applied 
to the cartx>n A, the cartXMi B and the carbon C. However, the cart>on A and the carbon B resonate in the region of 1 6.5 

40 to 17.5 ppm; and tiie cartx)n C resonates in tiie vicinity of 20.7 ppm (the region of PPP(mr)). (However, not only tfie 
peaks of these methyl groups but also the peaks of the adjacent metiiylene and metiiine groups must be confirmed in 
the case of Identifying the partial structure containing an irregularly positioned unit.) Therefore, the cart»on A, tiie caitx)n 
B and the carbon C are not included in the region of PPP(mm). 

Accordingly, the triad tacticity (mm fraction) of the propylene homopolymer can be determined from the above 

45 equation. 

[Proportion of the irregularly positioned urtit based on the 2.1 -insertion of tiie propylene monomer] 

in the polymerization, tiie 1 .2-insertion of the propylene monomer often takes place (i.e.. the methylene side is 
so bonded to the catalyst), but the 2,1 -Insertion thereof sometimes takes place. Therefore, tiie propylene copolymer has 
such irregularly positioned units based on the 2.1-insertion as represented by the aforesaid structures (i). (ii) and (iii). 
The proportion of the irregularly positioned units based on the 2.1-insertion was calculated by the following fonnuta 
using the ^^c-NMR. 

ss Proportion of irregularly positioned unit l3ased on 2,1 -insertion = 

{0.5laP(structure (i), (iii)) -i- 0.251 ap(structure (Ii))} x 100 
I aa-t-l ap (structure(l).(iii))40.5(l ay-i-l ap(structure(ii)-i-t a5) 



44 



EP0841 373 A2 



Naming of the peaks was made in accordance with a method by Carman, et al. (Rubber Chem. Technol., M (1971), 
781). lap denotes a peak area of the op peak. 

The propylene homopolymer has such an irregularly positioned unit based on the 2.1 -insertion as represented by 
the aforesaid structure (i). The proportion of the In'egularly positioned units based on the 2.Mnsertlon was calculated 
by the following formula using the '*^C-NMR. 

Proportion of Irregularly positioned unit based on 2.1 -insertion » 
O.SIarea based on methyl group resonating in the region of 16.5^1 7.5ppm} 

LICHa 

wherein IICHs has the same meaning as defined abova 

[Proportion of the Irregularly posittoned unit based on the 1 ,3-insertion of the propylene monomer] 

In the propylene copolymer, the amount of the three sequences based on the 1 .3-lnsertion of propylene was deter- 
mined by the Py peak (resonance in the vicinity of 27.4 ppm). 

in the propylene homopolymer. the amount of the three sequences based on the 1 .3-insertion of propylene was 
determined by the a6 peak (resonance in the vicinity of 37.1 ppm) and the py peak (resonance in the vicinity of 27.4 
ppm). 

Propylene polymer (A6) 

The propylene polymer (A6) is a propylene homopolymer or a propylene copolymer containing constituent units 
derived from propylene in an amount of not less than 90 % by mol. 

The propylene polymer (A6) is desired to have MFR. as measured at 230 "C under a k)ad of 2.16 kg. of 0.01 to 
1 .000 g/10 min. preferably 0.5 to 200 g/10 min. The molecular weight distribution (Mw/Mn) of this propylene polymer, 
as measured by GPC. Is desired to be in the range of 1 .5 to 15. preferably 2.0 to 8.0. 

Further, the propylene polymer (A6) is desired to have a crystalllnlty. as measured by X-ray diffractometry. of not 
less than 40 %. more preferably not less than 50 %. 

The propylene polymer (A6) Is desired to have an intrinsic viscosity [t]]. as measured in decalin at 135 ^C. of 0.1 to 
20 dl/g, preferably 0.5 to 10 dl/g, and a weight-average molecular weight of 1 x 10^ to 500 x 10^ preferably 1 x 10^ to 
100 xlO^ 

The propylene polymer (A6) may contain constituent units derived from ethylene and the same a-def ins of 4 to 20 
carbon atoms as exemplified for the propylene polymer (A4) in the amounts of not more than 10 %. 

The propylene polymer (AS) can be prepared by the use of the olefin polymerization catalyst which is used for pre- 
paring the propylene polymer (Al), the olefin polymerization catalyst (2) which is used for preparing the propylene pol- 
ymer (A3), the olefin polymerization catalyst (3) which is used for preparing the ethylene^a-olefin random copolymer 
(C). or an olefin polymerization catalyst (4) (desaibed later) which is used for preparing the propylene polymer (A5). 
Among these olefin polymerization catalysts, preferably used are the olefin polymerization catalyst (1). the olefin polym- 
erization catalyst (3) and the olefin polymerization catalyst (4). and of these, particularly preferably used is the olefin 
polymerization catalyst (4). 

Propviene oolvmer composition 

The sixth propylene polymer composition comprises the propylene homopolymer (A5) and the propylene polymer 
(AS) which is different from the propylene homopolymer (A5). In tNs compositbn. it is desired that the propylene 
homopolymer (A5) is contained in an amount of 5 to 95 % by weight, preferably 15 to 85 % by weight, more preferably 
30 to 70 % by weight; and the propylene polymer (AS) is contained in an amount of 5 to 95 % by weight, preferably 1 5 
to 85 % by weight, more preferably 30 to 70 % by weight. 

In the sixth propylene polymer composition, when the intrinsic viscosity ([nUs) of the propylene homopolymer (A5) 
and the intrinsic viscosity ([nUs) <^ the propylene polymer (AS) has a relation of [ti]as ^ [n}A6' H is desired that [nks is 
in the range of 1 to 10 dl/g. preferably 2 to 5 dt/g: {ti]a6 is in the range of 0.2 to 1.5 dl/g. preferably 0.3 to 1 .0 dl/g; and 
(hlAS^^Ae) is '^^ ^® '^"9^ of 3 to 30, preferably 4 to 20. 

When the intrinsfc viscosity ([nks) of the propylene homopolymer (A5) and the intrinsic viscosity ((nke) of the pro- 
pylene polymer {fiS) has a relation of (iiIas < IvHab* ^ is desired that [ti]a5 is in the range of 0.2 to 1 .5 dl/g. preferably 0.3 
to 1 .0 dl/g; [tiIag is in the range of 1 to 1 0 dl/g. preferably 2 to 5 dl/g; and ([nUe^^As) is in the range of 3 to 30. preferably 
4to20. 
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The sixth propylene polymer composition is desired to have MFR, as measured at 230 ^'C under a load of 2.16 kg, 
of 0.01 to 1.000 g/10 min. preferably 0.5 to 200 g/10 min. In this composition, Mw/Mn of all the propylene components 
fbr constituting the composition is desirably in the range of 4 to 1 5. 

The density of the sixth propylene polymer composition is desired to be in the range of 0.89 to 0.92 g/cm^, prefer- 
5 ably 0.90 to 0.92 g/cm^. 

The flexural modulus (f=^) thereof is desired to be in the range of 12.000 to 21,000 kg/cm^, preferably 14,000 to 
20,000 kg/cm^. 

The Izod impact strength (IZ) thereof at 23 is desired to be in the range of 2 to 10 kg • cm/cm, preferably 2 to 5 
kg • cm/cm. 

10 The tensile elongation at break (EL) thereof is desired to be in the range of 100 to 500 %, preferably 200 to 400 %. 
The heat distortion temperature (HDT) thereof is desired to be not tower than 95 ''C. preferably in the range of 1 00 
to 140 'C. 

The sixth propylene polymer composition may contain, if necessary, additives which nfiay be added to tiie first pro- 
pylene polymer composition, with the proviso that the object of tfie Invention is not marred. 
IS The sixtti propylene polymer composition can be prepared by known processes. For example, tiie composition can 
be prepared in accordance witii the processes (1) to (5) described fbr tiie first propylene polymer composition, using 
the propylene homopoiymer (A5) and the propylene polymer (A6). 

Such sixth propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at 
break but also moldability. 

20 The sixtti propylene polymer composition can be favorably used for various structural materials such as tiiose of 
automobiles and electrical appliances, daily necessaries, various films and sheets. 

Next, the catalyst used fbr the preparation of the propylene polymer (A5) and the process fbr preparing the propyl- 
ene homopoiymer are described. 

The olefin polymerization catalyst used for preparing tiie propylene homopoiymer (A5) is an olefin polymerization 

29 catalyst [olefin polymerization catalyst (4)] coiTY)rising: 

(i) (h) a transition metal compound represented by tiie aforesaid formula (I), and 

(ii) at least one compound selected from the group consisting of 

30 (b) the organoaluminum oxy-compound, and 

(/) a compound which reads witii the transition metal compound (h) to form an k)n pair 

Fig. 4 Illustrates steps of a process fbr preparing the olefin polymerization catalyst which is used fbr the preparation 
of the propylene homopoiymer (A5). 
35 The connpound (/) which reacts with tiie transition metal compound (h) to form an bn pair is klentical witii tiie com- 
pound (c) which reacts with tiie transition metal compound (a) to form an ion pair. 

The compound (/) which reacts with the transition metal compound (h) to form an ion pair can be used in combina- 
tion of two or more kinds. 

The olefin polymerization catalyst used fbr the preparation of the propylene homopoiymer (AS) may contain tiie 
40 aforesaid organoaluminum compound Q) in addition to the transition metal compound (h) and at least one compound 
selected from the group consisting of the organoaluminum oxy-compound (b) and the compound (/). 

The olefin polymerization catalyst (4) can be prepared by mixing the transition metal compound (h) [component (h)] 
and tiie organoaluminum oxy-compound (b) [component (b)] (a tiie compound (/) which reacts with tiie transition metal 
compound (h) to form an ion pair, [component (/)]). and if desired, the organoaluminum compound Q) [component (j)] in 
45 an in«1 hydrocart>on solvent or an olefin solvent. 

As the inert hydrocartx>n solvent used for preparing the catalyst, the same inert hydrocart>on solvent as used for 
preparing the olefin polymerization catalyst (1) can be employed. 

In the preparation of tiie olefin polymerization catalyst (4), each components may be mixed in an optional order, but 
preferably they are mixed in the following manner: 

so 

the component (b) [or tiie component (/)] Is mixed with ttie component (h); 

the component 03) is mixed witii tiie component (j), and tiie resulting mixture is tiien mixed with tiie component (h); 
the component (h) is mixed witii tiie component (b) [or the component (/)], and tiie resulting mixture is then mixed 
with the component (j); or 

55 the component (h) is mixed with tiie component 0). and the resulting mixture is then mixed with the conrponent (b) 
[or the component (/)]. 

In tiie mixing of each components, an atomic ratio (Al/transition metal) of the aluminum in tiie corrponent (b) to tiie 
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transition metal in the component (h) is in the range of usually 10 to 10,000. preferably 20 to 5,000: and a concentration 
of the component (h) is in the range of about 10"® to 10"^ mol/l-solvent preferably 10"^ to 5 x 10'^ mol/l-solvent. 

When the component {i) is used, a molar ratio [component (h)/component (/)] of the component (h) to the compo- 
nent (/) is in the range of usually 0.01 to 1 0, preferably 0. 1 to 5; and a concentration of the component (h) is in the range 
5 of about 10'^ to 10'^ mol/l-solvent, preferably 10"^ to 5 x 10"^ md/l-solvent. 

When the component Q) is used, an atomic ratio (Alj/AliJ of the aluminum atom (Alj) in the conponent (0 to the alu- 
minum atom (AltJ in the component (b) is in the range of usually 0.02 to 20, preferably 0.2 to 10. 

The above-mentioned components may be mixed in a polymerizer. Otherwise, a mixture of the components before- 
hand prepared may be fed to a polymerizer. 
10 If the components are beforehand mixed, the mixing temperature is in the range of usually -50 to 1 50 ""C. preferably 
-20 to 120 ''C: and the contact time is in the range of 1 to 1 ,000 minutes, preferably 5 to 600 minutes. The mixing tem- 
perature may be varied while the components are mixed and contacted with each other. 

The olefin polymerization catalyst (4) may be an olefin polymerization catalyst in which at least one of the conripo- 
nent (h), the component (b) [or the component (/)] and the component (j) is supported on an inorganic or organic cannier 
15 of granular or particulate solid. 

The inorganic carrier is preferably a porous oxide, for example, Si02 or AI2O3. 

Examples of the granular or particulate solid organic compounds include polymers or copolymers produced mainly 
from a-oiefins such as ethylene, propylene and l-butene or styrene. 

The olefin polymerization catalyst (4) may be an olefin polymerization catalyst formed from the particulate carrier. 
20 the component (h), the component (b) [or the component (/)] and an olefin polymer prepared by prepolymerization. and 
if desired, the component Q). 

The olefin used for the prepolymerization Includes olefins such as propylene, ethylene and 1-butene, but a mixture 
of these olefins and other olefin may also be employed. 

In addition to the above components, the olefin polymerization catalyst (4) may contain other components which 
25 are useful for the olefin polymerization, for example, water as a catalyst component 

The propylene homopdymer (A5) can be prepared by polymerizing propylene in the presence of the olefin polym- 
erization catalyst (4). The polymerization may be carried out by either a liquid phase polymerization process such as a 
suspension polymerization process and a solution polymerization process, or a gas phase polymerization process. 

In the liquid phase polymerization process, the same inert hydrocartx)n solvent as used in the preparation of the 
30 catalyst described before can be used, or propylene can be also used as a solvent. 

In the suspension polymerization process, the temperature for polymerizing propylene is in the range of usually - 
50 to 100 ''C, preferably 0 to 90 °C. In the solution polymerization process, the polymerization temperature is in the 
range of usually 0 to 250 °C. preferably 20 to 200 ""C. In the gas phase polymerization process, the polymerization tem- 
perature is in the range of usually 0 to 120 "C, preferably 20 to 100 The polymerization pressure is in the range of 
35 usually atmospheric pressure to 100 kg/cm^. preferably atmospheric pressure to 50 kg/cm^. The polymerization reac- 
tion may be carried out either batchwise. semi-continuously or continuously Further, it is also possible to conduct the 
polymerization in two or more steps having different reaction conditions. 

The seventh oroDvlene Dolvmer comoositton 

40 

The seventh propylene polymer composition of the invention comprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

45. 

(i) (h) a transition metal compound represented byihe aforesaid formula (1), and 
Oi) at least one corrpound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 
so (i) a compound which reacts with the transitbn metal compound (h) to form an ton pair; and 

(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is obtained by polymerizing or oopolymerizing at least one monomer selected from olefins of 
55 2 to 20 carbon atoms and polyenes of 5 to 20 cart)on atoms. 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol. and 

(3) the elastomer has a glass transition tenperature (Tg) of not higher than 10 
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Pro pylene homopolymer (AS) 

The propylene homopolymer (A5) for constrtuting the seventh propylene polymer composition is identical with the 
propylene homopolymer (AS) for constituting the sixth propylene polymer conrposition. 

s 

Ol^ip ^ftgtQmQr (P) 

The olefin elastomer (D) Is a polymer of one monomer selected irom the group consisting of olefins of 2 to 20 car- 
bon atoms and polyenes of 5 to 20 carbon atoms, or a random or block copolymer of two or more monomers selected 
10 from olefins of 2 to 20 carbon atoms and polyenes of 5 to 20 carbon atoms. This olefin elastomer (D) contains constit- 
uent units derived from ethylene, propylene, butene or 4-m6lhyl-1-pentene in an amount of less than 90 %, preferably 
not more than 8S %, and has a glass transition temperature (Tg) of not higher than 10 ""C. preferably -100 to 0 ''C. more 
preferably -100 to -10 ""C. 

Examples of the olefins of 2 to 20 catton atoms include ethylene, propylene, 1 -butene, l-pentene. 2-m6thyj-1- 
15 butene. 3-methy1-l-butene. 1-hexene. 3-methyl-1-pentene, 4-methyl-l-pentene, 3,3-dimethyl-1 -butene, 1-heptene. 
methyl-1-hexene, dimethyi-lisentene, trinrethyl-l -butene, ethyl-1-pentene, 1-octene, methyl-1-pentene, dimethyl-1- 
hexene, trimethyl-1-pentene, ethyl-1-hexene, methylethyl-1-pentene, diethyl-1 -butene, propyl-1-pentene, 1-decene, 
methyl-1-nonene, dimethyl-1-octene, trimethyl- 1-heptene, ethyl-1-octene, methylethyl-1-heptene, diethyl-1 -hexene, 1- 
dodecene, hexadodecene and styrene. 
20 Examples of the polyenes of S to 20 cartx)n atoms include polyenes exenrplified for the ethylene/olefin random pol- 
ymer (C). 

Such olefin elastomer (D) is desired to have a density of 0.85 to 0.92 g/cm^, preferably 0.85 to 0.90 g/cm^, and an 
intrinsic viscosity [t]]. as measured in decalin at 135 ""C, of 0.1 to 20 dl/g, preferably 0.5 to 10 dl/g, more preferably 1 to 
Sdl/g. 

25 Further, the olefin elastomer (D) is desired to have a crystallinity, as measured by X-ray diffractometry, of less than 
30 % or to be amorphous. 

As the olefin elastomer (D), there can be mentioned, for example, a copolymer of two or nrrore monomers selected 
from olefins of 2 to 20 cart>on atoms, a cq)otymer of one monomer selected from olefins of 2 to 20 carbon atoms and 
one monomer selected from polyenes of 5 to 20 carbon atoms, and a copolymer of two or more monomers selected 
30 from olefins of 2 to 20 cart)on atoms and one monomer selected from polyenes of 5 to 20 cartxxi atoms. 

More specifically, there can be mentioned: 

an elastomer containing constituent units derived from ethylene in an amount of 50 to 90 % by mol and constituent 
units derived from a monomer selected from olefins of 3 to 20 cartxxi atoms and polyenes of 5 to 20 carbon atoms 
35 in an amount of 10 to 50 % by mol; 

an elastomer containing constituent units derived from ethylene in an amount of 60 to 90 % by mol and constituent 
units derived from a monomer selected from olefins of 3 to 6 carbon atoms and polyenes of 5 and 6 cartx>n atoms 
in an amount of 10 to 40 % by mol; 

an elastomer containing constituent units derived from ethylene in an amount of 65 to 90 % by mol and constituent 
40 units derived from a monomer selected from propylene and butene in an amount of 10 to 35 % by mol, 

an elastom^ containing constituent units derived from propylene in an amount of 50 to 90 % by mol and constituent 
units derived from a monomer selected from ethylene, olefins of 4 to 20 carbon atoms and polyenes of 5 to 20 car- 
bon atoms in an amount of 10 to 50 % by mol; 

an elastomer containing oonstituent units derived from propylene in an amount of 50 to 85 % by mol and constituent 
45 units derived from a monomer selected from ethylene, olefins of 4 to 6 cart>on atoms and polyenes of 5 and 6 car- 
bon atoms in an amount of 15 to 50 % by mol; 

an elastomer containing constituent units derived from propylene in an amount of 50 to 80 % by mol and constituent 
units derived from a monomer selected from ethylene and butene in an amount of 20 to 50 % by md; and 
and others, such as a styreneAxitadiene rubber (SBR) and a styrene block copolymer (SEBS) having poly(ethyl- 
50 ene-butene) in the rubber intemiediate block. 

The olefin elastomer (D) can be obtained by polymerizing or copolymerizing at least one monomer selected from 
the group consisting of olefins of 2 to 20 cartx>n atoms and polyenes of 5 to 20 cartx}n atoms by conventionally known 
processes. The polymerization reaction can be carried out in a gas phase (gas phase process) a in a liquid phase (liq- 
55 uid phase process). 

The olefin elastomer (D) can be used in combination of two or more kinds. 
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Procvlenfl polvmflr compQSitiQn 

The seventh propylene polymer composition comprises the propylene homopolymer (A5) and the olefin elastomer 
(D). In this composition, it is desired that the propylene homopolymer (A5) is contained in an amount of 5 to 95 % by 
5 weight, preferably 30 to 90 % by weight more preferably 50 to 80 % by weight; and the olefin elastomer (D) is contained 
in an amount of 5 to 95 % by weight, preferably 10 to 70 % by weight, more preferably 20 to 50 % by weight. 

The seventh propylene polymer composition is desired to have MFR, as measured at 230 ''C under a load of 2.16 
kg. of 0.01 to 1 .000 g/10 min, preferably 0.5 to 200 g/10 min. In this composition, MwyMn of all the propylene compo- 
nents for constituting the composition Is desirably in the range of 1 .5 to 3.5. 
10 The density of the seventh propylene polymer composition is desired to be in the range of 0.88 to 0.92 g/cm^. pref- 
erably 0.90 to 0.92 glcvrP. 

The flexural modulus (FM) thereof is desired to be in the range of 8,000 to 21.000 kg/cnrf , preferably 12,000 to 
20.000 kg/cm2. 

The Izod impact strength (IZ) thereof at 23 ''C is desired to be in the range of 1 0 to 60 kg • cm/cm. preferably 1 0 to 
15 40 kg •cm/cm. 

The tensile etongatton at break (EL) thereof is desired to be in the range of 200 to 1 ,000 %. preferably 300 to 500 %. 
The heat distortion temperature (HDT) thereof is desired to be not lower than 85 ""C. preferably in the range of 95 
to 140 *C. 

The seventh propylene polymer conposition may contain, if necessary additives which may be added to the first 
20 propylene polymer composition, with the proviso that the object of the invention is not manred. 

The seventh propylene polymer composition can be prepared by known processes. For example, the composition 
can be prepared in accordance with the processes (1) to (5) described for the first propylene polymer oompositton, 
using the propylene honfX}polymer (A5) and the olefin elastomer (D). 

Such propylene polymer composition is excellent in not only heat resistance, rigklity and tensile elongation at break 
25 but also impact resistance. 

The seventh propylene polymer composition can be fevoraUy used for various structural materials such as those 
of automobiles and electrical appliances, daily necessaries and various sheets. 

The eighth propyi^ng poiymy wmpogition 

30 

The eighth propylene polymer composition of the invention comprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

35 

(i) (h) a transition metal compound represented by the aforesaid formula (I), and 
(iO at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 
40 {I) a compound which reacts with the transition metal compound (h) to form an ton pair; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyl-1-pentene in an amount of not less than 90 % by mol. 

45 Propylene homopolvmar f A5^ 

The propylene homopolymer (A5) for constituting the eighth propylene polymer composition is kJentical with the 
propylene homopolymer (A5) for constituting the sixth propylene polymer composition. 

so Qlgfin PQlymyf^ 

The olefin polymer (E) is either an ethylene (co)polymer containing constituent units derived from ethylene in an 
amount of not less than 90 % by mol. preferably not less than 95 % by mol. a butene (co)polymer containing constituent 
units derived from butene in an amount of not less than 90 % by md. preferably not less than 95 % by mol, or a 4- 
55 methyl-l-pentene (co)polymer containing constituent units derived from 4-m6thy1-1-pentene in an amount of not less 
than 90 % by mol. preferably not less than 95 % by mol. 

The ethylene copolymer may contain constituent units derived from a monomer selected from the group consisting 
of olefins of 3 to 20 carbon atoms and polyenes of 5 to 20 carbons atoms in an amount of less than 1 0 % by mol. 
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The butene copolymer may contain constituent units derived from a monomer selected from the group consisting 
of other olefins of 2 to 20 cartx)n atoms than butene and polyenes of 5 to 20 cartx)ns atoms in an amount of less than 
10%bymol. 

The 4-methyl- 1 -pentene copolymer may contain constituent units derived from a monomer selected from the group 
5 consisting of other olefins of 2 to 20 caxbon atoms than 4-methyl-1 -pentene and polyenes of 5 to 20 carbons atoms in 
an amount of less than 10 % by mol. 

Examples of the olefins of 2 to 20 cart>on atoms include olefins exemplified for the olefin elastomer (D). 
Examples of the polyenes of 5 to 20 carbon atoms include polyenes exemplified for the olefin elastomer (D). 
Such olefin polymer (E) is desired to have a density of 0.80 to 0.98 g/cm^, preferably 0.85 to 0.96 g/cm^. and an 
10 intrinsic viscosity [t]]. as measured in decalin at 135 ""C, of 0.1 to 20 dl/g, preferably 0.5 to 10 dl/g. more preferably 1 to 
5dl/g. 

The olefin polymer (E) is preferably an ethylene homopolymer or an ethylene copolymer, and more preferably an 
ethylene homopolymer. 

The olefin polymer (E) can be obtained by polymerizing one monomer selected from the group consisting of ethyl- 
75 ene. butene and 4-methyl-1-pentene or oopolymerizing one monomer selected from the group consisting of ethylene, 
butene and 4-methyf-1 -pentene with at least one monomer selected from other olefins of 2 to 20 cmton atoms than the 
above monomers and polyenes of 5 to 20 cartx}n atoms, in accordance with conventionally known processes. The 
polymerization reaction can be carried out in a gas phase (gas phase process) or in a liquid phase (liquid phase proc- 
ess). 

20 The olefin polymer (E) can be used in combination of two or more kinds. 

Propylflna polvmer oomposltion 

The eighth propylene polymer composition comprises the propylene homopolymer (A5) and the olefin polymer (E). 
25 In this composition, it is desired that the propylene homopolymer (A5) is contained in an amount of 5 to 95 % 1:^ weight, 
preferably 30 to 90 % by weight, more preferably 50 to 80 % by weight: and the olefin polymer (E) is contained in an 
amount of 5 to 95 % by weight, preferably 10 to 70 % by weight, more preferably 20 to 50 % by weight. 

The eighth propylene polymer composition is desired to have MFR, as measured at 230 ""C under a load of 2.16 
kg, of 0.1 to 200 g/10 min. preferably 1 to 100 g/10 min. In this composition, Mw/Mn of all the propylene components 
30 fbr constituting the composition is desirat)ly in the range of 1 .5 to 3.5. 

The density of the eighth propylene polymer composition is desired to be in the range of 0.80 to 0.98 g/cm^, pref- 
erably 0.85 to 0.94 g/cm^. 

The flexural modulus (FM) thereof is desired to be in the range of 12.000 to 21.000 kg/cm^. preferably 14,000 to 
20,000 l^crh^. 

35 The Izod impact strength (IZ) thereof at 23 is desired to be in the range of 2 to 20 1^ • cm/cm, preferably 2 to 1 0 
kg • cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 100 to 500 %, preferably 200 to 400 %. 
The heat distortion temperature (HDT) thereof is desired to be not lower than 85 ''C, preferably in the range of 1 00 
to 140 ^-C. 

40 The eighth propylene polymer composition may contain, if necessary, additives which may be added to the first pro- 
pylene polymer composition, with the proviso that the object of the invention is not marred. 

This propylene polymer composition can be prepared by known processes. For example, the composition can be 
prepared in accordance with the processes (1) to {5i described fbr the first propylene polymer compositton, using the 
propylene homopolymer (A5) and the olefin polymer (E). 

45 Such propylene polymer composition is excellent in heat resistance, rigidity and tensile etongation at break. 

The ninth propylene polvmer composition 

The ninth propylene polymer composition of the invention comprises: 

so 

{ASi a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

(i) (h) a transition metal compound represented by the aforesaid formula (I), and 
55 (ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(0 a compound which reacts with the transition metal compound (h) to form an ton pair; 
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(A6) a propylene polymer which containe constituent units derived from propylene in an amount of not leee than 90 
% mol and is different from the propylene homopolymer (A5); and 
(D) an olefin elastomer which Is characterized in that: 

(1) the elastomer is obtained by polymerizing or copotymerizing at least one monomer selected from olefins of 
2 to 20 cart>on atoms and polyenes of 5 to 20 caitx)n atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ""C. 

Propylene homopolymer (A5) 

The propylene homopolymer (A5) for constituting the ninth propylene polymer conposition is Identical with the pro- 
pylene homopolymer (AS) for constituting the sixth propylene polymer composition. 

Propylene polymer (A6) 

The propylene polymer (A6) for constituting the ninth propylene polymer composition is identical with the propylene 
polymer (AQ for constituting the sixth propylene polymer composition. 

Olefin ela8tpmer(P) 

The olefin elastomer (D) for constituting the ninth propylene polymer composition is identical with the olefin elas- 
tomer (D) for constituting the seventh propylene polymer composition. 
The olefin elastomer can be used in combination of two or more kinds. 

Propylene poiyrner wnypgition 

The ninth propylene polymer composition contains, as its essential components, the propylene homopolymer (A5), 
the propylene polymer (A6) which is different from tiie propylene homopolymer (A5). and the olefin elastomer (D). This 
composition contains the propylene homopolymer (AS) In an amount of 5 to 95 % by weight, the propylene polymer (A6) 
in an amount of not more than 95 % by weight and the olefin elastomer (D) in an amount of not more than 95 % by 
weight. 

In the ninth propylene polymer composition, it is desired that the propylene homopolymer (A5) Is contained in an 
amount of 5 to 95 % by weight, preferably 30 to 85 % by weight more preferably 30 to 60 % by weight; the propylene 
polymer (A6) is contained In an amount of 3 to 93 % by weight, preferably 5 to 60 % by weight, more preferably 30 to 
60 % by weight; and the olefin elastomer (D) is contained In an amount of 2 to 92 % weight, preferably 1 0 to 65 % 
by weight, more preferably 10 to 40 % by weight. 

In the ninth propylene polymer composition, when the intrinsic viscosity ([tiJas) of the propylene homopolymer (A5) 
and the intrinsic viscosity ([iiIag) the propylene polymer (A6) has a relation of [ti]a5 ^ hke- 't is desired that [nks is 
in the range of 1 to 10 dl/g. preferably 2 to 5 dl/g; [ti]a6 is in the range of 0.2 to 1 .5 dl/g. preferably 0.3 to 1 .0 dl/g; and 
([nlAs/InlAe) Is in the range of 3 to 30, preferably 4 to 20. 

When the intrinsic viscosity ([ti]as) of the propylene homopolymer (AS) and the intrinsic viscosity (hke) of the pro- 
pylene polymer (A6) has a relation of [tiJas < IvHab^ it is desired that [ti]a5 Is In the range of 0.2 to 1 .5 dl/g, preferably 0.3 
to 1 .0 dl/g; [ti]a6 is in the range of 1 to 1 0 dl/g, preferably 2 to 5 dl/g; and ([nks^^As) is In the range of 3 to 30, preferably 
4 to 20. 

The ninth propylene polymer composition Is desired to have MFR, as measured at 230 ^'C under a load of 2.16 kg, 
of 0.01 to 1.000 g/10 min, preferably 0.5 to 200 g/10 min. In this composition. Mw/Mn of all the propylene components 
for constituting the composition is desirably in the range of 4 to 15. 

The density of the ninth propylene polymer composition Is desired to be In tiie range of 0.88 to 0.92 g/cm?, prefer- 
ably 0.90 to0.92g/cm^. 

The flexural modulus (FM) thereof Is desired to be In the range of 8,000 to 21,000 kg/cm^. preferably 12.000 to 
20.000 kg/cm^. 

The Izod impact strength (IZ) thereof at 23 ''C is desired to be In the range of 1 0 to 60 kg • cm/cm. preferably 15 to 
60 kg • cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 1 .000 %. preferably 300 to 1 .000 

%. 

The heat distortfon temperature (HDT) thereof is desired to be not lower than 85 ""C. preferably In the range of 95 
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to 140 '^C. 

The ninth propylene polymer composition may contain, if necessary, additives which may be added to the first pro- 
pylene polymer composition, with the proviso that the object of the invention is not marred. 

The ninth propylene polymer composition can be prepared by known processes. For example, the composition can 
be prepared in accordance with the processes (1) to (5) described for the first propylene polymer composition, using 
the propylene homopolymer (A5), the propylene polymer (A6) and the olefin elastomer (D). 

Such ninth propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at 
break but also moUability and impact resistance. 

The ninth propylene polymer composition can be favorat>ly used for various structural materials such as those of 
automobiles and electrical appliances, daily necessaries, various films and sheets. 

The tenth oropvlene polvmer composition 

The tenth propylene polymer compositton of the invention oonprises: 

(A^ a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

(i) (h) a transition metal compound represented by tiie aforesaid formula (I), and 

(ii) at least one conrpound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less tiian 90 
% by mol and is different from the propylene homopolymer (A5); and 

(E) an olefin polymer which contains constituent units derived from one nx)nomer selected from the group consist- 
ing of ethylene, butene and 4-metiiyl-1-pentene in an amount of not less than 90 % by mol. 

Propylene homopolvmer (AS) 

The propylene homopolymer (A5) for constituting the tenth propylene polymer composition is identical with the pro- 
pylene homopolymer (A5) for constituting tiie sixth propylene polymer composition. 

Propylene polymer (A6) 

The propylene polymer (A6) for constituting the tenth propylene polymer composition is identical with the propylene 
polymer (A6) for constituting the sixth propylene polymer composition. 

Olefin polymer (B 

The olefin polymer (E) for constituting the tenth propylene polymer composition is identical with the defff) polymer 
(E) for constituting ttie eighth propylene polymer composition. 

The olefin polymer (E) can be used in combination of two or more kinds. 

Pro pylene polymer composition 

The tenth propylene polymer composition contains, as its essential components, the propylene homopolymer (A5), 
the propylene polymer (A6) which is different from the propylene homopolymer (AS), and tiie olefin polymer (E). This 
conposition contains the propylene homopolymer (AS) in an amount of 5 to 9S % by weight, the propylene polymer (A6) 
in an amount of not more than 9S % by weight and the olefin polymer (E) in an amount of not more tiian 9S % by weight. 

In tiie tenth propylene polymer composition, it is desired that the propylene homopolymer (AS) Is contained in an 
amount of 5 to 95 % by weight, preferably 30 to 85 % by weight more preferably 30 to 60 % by weight: the propylene 
polymer (A6) is contained in an amount of 3 to 93 % by weight, preferably 5 to 60 % by weight, more preferably 30 to 
60 % by weight; and the olefin polymer (E) is contained in an amount of 2 to 92 % by weight, preferably 10 to 65 % by 
weiglit, wore preferably 10 to 40 % by weight. 

In the tenth propylene polymer composition, when the intrinsic viscosity ((nUs) of the propylene homopolymer (AS) 
and the intrinsk; viscosity ([nke) of the propylene polymer (A6) has a relation of [i]]a5 > hlAs. it is desired that [iiJas 
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in the range of 1 to 1 0 dl/g. preferably 2 to 5 dl/g; hl^g is in the range of 0.2 to 1 .5 dl/g. preferably 0.3 to 1 .0 dl/g: and 
(hlAs/I^Ae) is in the range of 3 to 30, preferably 4 to 20. 

When the intrinsic viscosity ([iiIas) of the propylene honrwpolymer (AS) and the intrinsic viscosity ([tiIas) <^ t*^® Pro- 
pylene polymer (A6) has a relation of [iiJas < hUe. <t is desired that [tJas is in the range of 0.2 to 1 .5 dl/g, preferably 0.3 
to 1 .0 dl/g; [ii]a6 >s in the range of 1 to 1 0 dl/g. preferably 2 to 5 dl/g; and ([itIac/I^as) 'S 'n the range of 3 to 30. preferably 
4 to 20. 

The tenth propylene polymer composition is desired to have MFR, as measured at 230 °C under a load of 2.1 6 kg, 
of 0.01 to 1 .000 g/10 min, preferably 0.5 to 200 g/10 min. In this composition, Mw/Mn of all the propylene components 
for constituting the confposition is desirably in the range of 4 to 15. 

The density of the tenth propylene polymer composition is desired to be in the range of 0.80 to 0.98 g/cm^, prefer- 
ably 0.85 to 0.94 g/cm^. 

The flexural modulus (FM) thereof is desired to be in the range of 12,000 to 21,000 kg/cm^, preferably 14,000 to 
20.000 kg/cnf. 

The Izod inrpact strength (iZ) thereof at 23 ^'C is desired to be in the range of 2 to 20 kg • cm/cm, preferably 2 to 10 
kg •cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 100 to 500 %. preferably 200 to 400 %. 
The heat distortion temperature (HDT) thereof is desired to be not lower than 85 '*C, preferably in the range of 100 
to 140 X. 

The tenth propylene polymer composition may contain, if necessary, additives which may be added to the first pro- 
pylene polymer composition, with the proviso that the object of the invention is not marred. 

The tenth propylene polymer composition can be prepared by known processes. For example, the compositwn can 
be prepared in accordance with the processes (1) to (5) described for the first propylene polymer compositton, using 
the propylene homopolymer (A5). the propylene polymer (AG) and the olefin polymer (E). 

Such tenth propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at 
break but also moldabtlity. 

The eleventh oroDvlene polvmar comnosition 

The eleventh propylene polymer composition of the invention conprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

(i) (h) a transition metal compound represented by the aforesaid Ibrnrula (I), and 

(ii) at least one conpound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to form an bn pair; 

(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is obtained by polymerizing or copotymerizing at least one monomer selected from olefins of 
2 to 20 cartx)n atoms and polyenes of 5 to 20 cart>on atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by moi. and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ""C; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyl-1-pentene in an amount of not less than 90 % by mol. 

Prppylono hpmopQlyfTiQr (AS) 

The propylene homopolymer (A5) for constituting the eleventh propylene polymer composition is identical with the 
propylene homopolymer (A5) for constituting the sixth propylene polymer composition. 

Olefin elastomer (D) 

The olefin elastomer (D) for constituting the eleventh propylene polymer composition is Identical with the olefin 
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elastomer (D) for constituting the seventh propylene polymer composition. 
The olefin polymer (D) can be used in oomk)ination of two or more kinds. 

Olefin polymer (E) 

TTie olefin polymer (E) tor constituting the eleventh propylene polymer composition is identical with the olefin poly- 
mer (E) for constituting the eighth propylene polymer composition. 

The olefin polymer (E) can be used in combination of two or more kinds. 

Propylene polvmer composition 

The eleventh propylene polymer composition contains, as Its essential components, the propylene homopolymer 
(A5), the olefin elastomer (D) and the olefin polymer (E). This composition contains the propylene homopolymer (AS) in 
an amount of 5 to 95 % by weight, the olefin elastomer (D) in an amount of not more than 95 % by weight and the olefin 
polymer (E) in an amount of not more than 95 % by weight 

In the eleventh propylene polymer composition, it is desired that the propylene homopolymer (AS) is contained in 
an amount of 5 to 95 % by weight, preferably 30 to 85 % by weight, more preferably 50 to 70 % by weight; the ol^in 
elastomer (D) is contained In an amount of 3 to 93 % by weight, preferably 10 to 65 % by weight, more preferably 20 to 
40 % by weight: and the olefin polymer (E) is contained in an amount of 2 to 92 % by weight, preferably 5 to 60 % by 
weight, more preferably 10 to 30 % by weight. 

The eleventh propylene polymer composition is desired to have MFR, as measured at 230 X under a load of 2. 1 6 
kg, of 0.01 to 1,000 g/10 min, preferably 0.5 to 200 g/10 min. In this composition, Mw/Mn of all the propylene compo- 
nents for constituting the composition is desirably in the range of 1 .5 to 3.5. 

The density of the eleventh propylene polymer composition is desired to be in the range of 0.88 to 0.93 ofctrfi pref- 
erably 0.90 to 0.93 g/cm^. 

The flexural modulus (FM) thereof is desired to be in the range of 8.000 to 21,000 kg/cnf, preferably 12 000 to 
20.000 kg/cm2. 

The Izod impact strength (12) thereof at 23 °C is desired to be In the range of 10 to 60 kg • cm/cm. preferably 20 to 
60 kg • cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 1 ,000 %, preferably 300 to 1 .000 

%. 

The heat distortion temperature (HD7) thereof is desired to be not lower than 85 •C, preferably in the range of 95 
to 140 *C. 

The eleventh propylene polymer composition may contain, if necessary, additives which may be added to the first 
propylene polymer conposition, with the proviso that the object of tiie invention is not marred. 

The eleventh propylene polymer composition can be prepared by known processes. For example, ttie composition 
can be prepared In accordance witti the processes (1) to (5) described for tfie first propylene polymer conposition, 
using the propylene homopolymer (A5), ttie olefin elastomer (D) and the olefin polymer (E). 

Such eleventh propylene polynrter composition is excellent in not only heat resistance, rigidity and tensile elongation 
at break but also impact resistance. 

The eleverth propylene polymer composition can be favorably used for various structural materials such as those 
of automobiles and electrical appliances, daily necessaries, various films and sheets: 

The twelfth propylene polvmer compositjon 

The twelfth propylene polymer composition of the invention comprises: 

(A5) a propylene homopolymer which is obtained by polymerizing propylene in the presence of an olefin polymeri- 
zation catalyst comprising: 

(i) (h) a transition metal compound represented by ttie aforesaid formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(0 a compound which reacts with the transition metal compound (h) to form an ton pair; 

(A6) a propylene polymer whwh contains constituent units derived from propylene in an amount of not less ttian 90 
% by mol and is different from the propylene homopolymer (AS); 
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(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is obtained by polymerizing or copdymerizing at least one monomer selected from olefins of 
2 to 20 cart)on atoms and polyenes of 5 to 20 cartx)n atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 "C; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyl-1-pentene in an amount of not less than 90 % by mol. 

Proovlene homopolvmer f AS) 

The propylene homopolymer (A5) for constituting the twelfth propylene polymer composition is identical with the 
propylene homopolymer (A5) for constituting the sixth propylene polymer conrposition. 

PropylW polymer (Aft 

The propylene polymer (A6) for constituting the twelfth propylene polymer composition is identical with the propyl- 
ene polymer (AG) for constituting the sixth propylene polymer composition. 

Olefin elastomer (D) 

The olefin elastomer (D) for constituting the twelfth propylene polymer composition is identical with the olefin elas- 
tomer (D) for constituting the seventh propylene polymer composition. 

The olefin elastomer (D) can be used in combination of two or nrx>re kinds. 

Olefin polymer (E) 

The olefin polymer (E) for consttuting the twelfth propylene polymer composition is identical with the olefin polymer 
(E) for constituting the eighth propylene polymer composition. 

The olefin polymer (E) can be used in combination of two or more kinda 

Propylene polymer compotifiaQ 

The twelfth propylene polymer composition contains, as its essential components, the propylene homopolymer 
(A5), the propylene polymer (A6) which is different from the propylene homopolymer (AS), the olefin elastomer (D) and 
the olefin polymer (E). This composition contains the propylene homopolymer (AS) in an amount of 5 to 95 % by weight, 
the propylene polymer (A6) in an amount of not more than 95 % by weight, the olefin elastomer (D) in an amount of not 
more than 95 % by weight and the olefin polymer (E) in an amount of not more than 95 % by weight. 

In the twelfth propylene polymer composition, it is desired that the propylene homopolymer (A5) is contained in an 
amount of 5 to 95 % by weight, preferably 30 to 85 % by weight more preferably 30 to 50 % by weight; the propylene 
polymer (A6) is contained in an amount of 2 to 92 % by weight, preferably 5 to 60 % by weight, more preferably 30 to 
50 % by weight; the olefin elastomer (D) is contained in an amount of 2 to 92 % by weight, preferably 5 to 60 % by 
weight, more preferably 10 to 30 % by weight; and the olefin polymer (E) is contained in an amount of 1 to 91 % by 
weight preferably 5 to 60 % by weight more preferably 10 to 30 % by weight. 

In the twelfth propylene polymer compositfon, when the intrinsic viscosity ([iJas) of the propylene homopolymer 
(A5) and the intrinsic viscosity ([tiJas) of the propylene polymer (A6) has a relation of [til^s ^ [ti]a6» it is desired that (tiIas 
is in the range of 1 to 10 dl/g. preferably 2 to 5 dl/g; [ti]a6 is in the range of 0.2 to 1 .5 dl/g. preferably 0.3 to 1 .0 dl/g; and 
(hUs^^Ae) is in the range of 3 to 30. preferat3ly 4 to 20. 

When the intrinsic viscosity (Mas) of the propylene homopolymer (A5) and the intrinsic viscosity ([iiJas) of the pro- 
pylene polymer (A6) has a relation of [ii]a5 < Mas* it is desired that [vi^s is in the range of 0.2 to 1 .5 dl/g. preferably 0.3 
to 1 .0 dl/g; [ii]a6 is in the range of 1 to 1 0 dl/g. preferably 2 to 5 dl/g; and ([TilAG/[TdAs) >s in the range of 3 to 30, preferably 
4 to 20. 

The twelfth propylene polymer composition is desired to have MFR. as measured at 230 ""C under a load of 2.16 
kg, of 0.01 to 1,000 g/10 min, preferably 0.5 to 200 g/10 min. In this conposition, Mw/Mn of all the propylene compo- 
nents for constituting the composition is deslrak)ly In the range of 4 to 1 5. 

The density of the twelfth propylene polymer composition is desired to be in the range of 0.88 to 0.93 g/cm^. pref- 
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erably 0.90 to 0.93 g/cm^. 

The flexural modulus (FM) thereof is desired to be in the range of 8.000 to 21 ,000 kg/cnf. preferably 12.000 to 
20.000 kg/cm2. 

The Izod inrpact strength (IZ) thereof at 23 is desired to be in the range of 10 to 60 kg • cm/cm, preferably 20 to 
60kg*cnVcm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 1 .000 %. preferably 300 to 1 000 

%. 

The heat distortion temperature (HDT) thereof is desired to be not lower than 85 preferably in the range of 95 
to 140 «C. 

The twelfth propylene polymer composition may contain, if necessary, additives which may be added to the first 
propylene polymer composition, with the proviso that the object of the invention is not marred. 

The twelfth propylene polymer composition can be prepared by known processes. For example, the composition 
can be prepared in accordance with the processes (1) to (5) described for the ffrst propylene polymer conposition. 
using the propylene homopolymer (A5). the propylene polymer (AS), the olefin elastomer (D) and the olefin polymer (E). 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability and impact resistance. 

The twelfth propylene polymer composition can be favorably used for various structural materials such as those of 
automobiles and electrical appliances, daily necessaries, various films and sheets. 

The thirteenth Droovlene p olymer composhjon 

The thirteenth propylene polymer composition comprises: 

(AT) a propylene copolymer whkih is characterized in that: 

the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from eth- 
ylene and a-oleffins of 4 to 20 cartxxi atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the aforesaid fbrmula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(0 a compound which reacts with the transition metal compound (h) to form an ion pair, and 

the propylene copolymer contains constituent units derived from propylene in an amount of not less than 90 % 
bymol;and 

{M) a propylene polymer which contains constituent units derived from propylene in an amount of not less ttian 90 
% by mol and is different from the propylene copolymer (AT). 

Propylene copolymer (AT) 

The propylene copolymer (AT) is a random copolymer of propylene and at least one a-olefin selected from the 
group consisting of ethylene and a-olef ins of 4 to 20 carbon atoms, which is prepared by the use of the olefin polymer- 
ization catalyst (4) used for preparation of the propylene homopolymer (AS). 

In the propylene copolymer (AT), the propylene units are contained in an amount of not less than 90 % by mol, pref- 
erably 90 to 98 % by md. more preferably 90 to 96 %; and ttie comonomer units derived from an a-olefin selected from 
etiiylene and a-olef ins of 4 to 20 caibon atoms in an amount of not more than 1 0 % by mol, preferably 2 to 1 0 % by mol, 
more preferably 4 to 10 % by mol. 

Examples of the a-olef ins of 4 to 20 cartx)n atoms include 1 -butene, 1-pentene, 1 -hexene, 4-methyl-l-pentene, 1- 
heptene. l-octene. 2-ethyl-1 -hexene, 1-decene. 1-dodecene. l-tetradecene and 1-eicosene. 

Preferably used as the comonomers for the copolymerizatton are ethylene, 1 -butene, 1-pentene, 1 -hexene, 1- 
octeneand 1*<jecene. 

The propylene copolymer (AT) Is desired to have MFR, as measured at 230 *C under a load of 2.16 kg, of 0.01 to 
1 .000 g/10 min. preferably 0.5 to 200 g/10 min. and Mw/Mn, as measured by GPC, of 1.5 to 3.5, preferably 2.0 to 3.0, 
more preferably 2.0 to 2.5. 

Further, the propylene copolymer (AT) is desired to have an intrinsic viscosity [r\] of 0.1 to 20 dl/g. preferably 0.5 to 
10 dl/g, more preferably 1 to 5 dl/g. and a weight-average molecular weight of 1 x 10^ to 500 x 10*. preferably 1x10^ 
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to 100x1 or 

The crystallinity of the propylene copolymer (AT), as measured by X-ray diffractometry, is desired to be not less 
than 20 %, preferably not less than 30 %. 

The triad tacticlty (mm fraction) of the propylene copolymer (AT) is desired to be not less than 98.0 %, preferably 
not less than 98.2 %, more preferably not less than 98.5 %. 

The proportion of the Irregularly positioned units based on the 2,1 -insertion of the propylene monomer is desired 
to be not more than 0.5 %. preferably not wore than 0. 1 8 %. more preferably not more than 0.15%. 

The proportion of the irregularly positioned units based on the I.S-insertion of the propylene monomer is desired 
to be less than the detected lower limit by the ^^(>NMR measurement (less than 0.03 %). 

Propylene polymer (A6) 

The propylene polymer (A6) for constituting the thirteenth propylene polymer composition is identical with the pro- 
pylene polymer (AS) for constituting the sixth propylene polymer composition. 

Propylene rx>lymer oonnpQgitiQn 

The thirteenth propylene polymer composition comprises the propylene copolymer (AT) and the propylene polymer 
(A6) which is different from the propylene copolymer (AT). In the composition, It is desired that the propylene copolymer 
(AT) is contained in an amount of 5 to 95 % by weight, preferably 15 to 85 % by weight more preferably 30 to TO % tjy 
weight: and the propylene polymer (A6) is contained in an amount of 5 to 95 % by weight, preferably 15 to 85 % by 
weight, more preferably 30 to TO % by weight. 

In the thirteenth propylene polymer composition, when the intrinsic viscosity ([tUa?) of the propylene copolymer 
(AT) and the intrinsic viscosity (hlAs) *e propylene polymer (A6) has a relation of [tiJa? ^ {tiIab. 's desired that [ti1a7 
is in the range of 1 to 10 dl/g. preferably 2 to 5 dl/g; [ii]a6 is in the range of 0.2 to 1 .5 dl/g, preferably 0.3 to 1 .0 dl/g; and 
(hWI^Ae) is ^® of 3 to 30, preferably 4 to 20. 

When the intrinsic viscosity ([nU?) ^ the propylene homopolymer (AT) and the intrinsic viscosity ([tiIab) <^ fhe pro- 
pylene polymer (A6) has a relation of [ti]a7 < [nke* >s desired that [tOa? is in the range of 0.2 to 1 .5 dl/g, preferably 0.3 
to 1 .0 dl/g; [tiIag is in the range of 1 to 1 0 dl/g, preferably 2 to 5 di/g; and ilnhsMM) is in the range of 3 to 30. preferably 
4 to 20. 

The thirteenth propylene polymer composition is desired to have MFR, as measured at 230 ""C under a load of 2.16 
kg, of 0.01 to 1,000 g/10 min. preferably 0.5 to 200 g/10 min. In this composition. Mw/Mn of alt the propylene compo- 
nents for constituting the composition is desirably in the range of 4 to 15. 

The density of the thirteenth propylene polymer composition is desired to be in the range of 0.88 to 0.92 g/cm^, 
preferably 0.89 to 0.92 g/cm^. 

The flexural nrKxiulus (FM) thereof is desired to be in the range of 2,000 to 20.000 kg/cm^. preferably 4,000 to 
15.000 kg/cm^. 

The Izod impact strength (IZ) thereof at 23 ""C is desired to be in the range of 2 to 20 kg • cm/cm, preferably 5 to 20 
kg*cm/cni 

The tensile etongatbn at break (EL) thereof is desired to be in the range of 1 00 to 2.000 %. preferably 200 to 1 ,000 

%. 

The heat distortton temperature (HDT) thereof Is desired to be not lower than 80 ""C, preferably In the range of 90 
to140X. 

The thirteenth propylene polymer composition may contain, if necessary, additives which may be added to the first 
propylene polymer composition, with the proviso that the object of the invention is not man-ed. 

The thirteenth propylene polymer composition can be prepared by known processes. For example, the composition 
can be prepared in accordance with the processes (1) to (5) described for the first propylene polymer compositton, 
using the propylene copolymer (AT) and the propylene polymer (AS). 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also mddability. 

The fourteenth propylene pnlymer compofiitiQn 

The fourteenth propylene polymer composition comprises: 
(AT) a propylene copolymer which is characterized in that: 

the propylene copolymer is obtained by copotymerizing propylene and at least one a-ol^in selected from eth- 
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yiene and a-olefins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented isy the aforesaid fbrmula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

{i) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

the propylene copolymer contains constituent units derived from propylene in an amount of not less than 90 % 
by mol: and 

(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is obtained by polymerizing or copolymerizing at least one monomer selected from olefins of 
2 to 20 caibon atoms and polyenes of 5 to 20 cart)on atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1i3entene in 
an anxsunt of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ""C. 
Pf9PYlanecotx)lvmerfA7^ 

The propylene copolymer (AT) for constituting the fourteenth propylene polymer composition is identical with the 
propylene copolymer (AT) for constituting the thirteenth propylene polymer composition. 

ni^hn elastomer O 

The olefin elastomer (D) for constituting the fourteenth propylene polymer composition is identical with the olefin 
elastomer (D) for constituting the seventh propylene polymer composition. 
The olefin elastomer (D) can be used in combination of two or more kinds. 

Propylene oo lvmer composition 

TTie fourteenth propylene polymer composition comprises the propylene copolymer (AT) and the olefin elastomer 
(D). In this oonposition. It is desired that the propylene copolymer (AT) is contained in an amount of 5 to 95 % by weight, 
preferably 30 to 90 % by weight, nrwre preferably 50 to 80 % by weight; and the olefin elastomer (D) is contained in an 
amount of 5 to 95 % by weight, preferably 10 to TO % by weight, more preferably 20 to 50 % by weight. 

The fourteenth propylene polymer composition is desired to have MFR, as measured at 230 ""C under a load of 2. 1 6 
kg, of 0.01 to 1,000 g/10 min, preferably 0.5 to 200 g/10 min. In this composition, Mw/Mn of all the propylene compo- 
nents for constituting the composition is desirably in the range of 1 .5 to 3.5. 

The density of the fourteenth propylme polymer composition is desired to be in the range of 0.8T to 0.92 g/cm^. 
preferably 0.88 to 0.92 g/cm^. 

The flexural modulus (FM) thereof is desired to be in the range of 2.000 to 20,000 kg/cm^. preferably 4,000 to 
15.000 kg/cm2. 

The Izod impact strength (IZ) thereof at 23 °C is desired to be in the range of 10 to 60 kg • cm/cm, preferably 20 to 
60 kg -cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 2.000 %. preferably 200 to 1 ,000 

%. 

The heat distortion temperature (HDT) thereof is desired to be not tower than 80 ""C. preferably in the range of 90 
to 140 °C. 

The fourteenth propylene polymer composition may contain, if necessary, additives which may be added to the first 
propylene polymer composition, with the proviso that the otjject of the invention is not marred. 

This propylene polymer composition can be prepared by known processes. For example, the composition can be 
prepared in accordance with the processes (1) to (Sj descrfoed for the first propylene polymer composition, using the 
propylene copolymer (AT) and the olefin elastomer (D). 

Such propylene polymer composition is excellent In not only heat resistance, rigidity and tensile elongation at break 
but also impact resistance. 

The fourteenth propylene polymer composition can be favorably used for various structural materials such as those 
of automobiles and electrical appliances, daily necessaries and various sheets. 
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The fifteenth propylene polymer composition of the invention comprises: 
(AT) a propylene copolymer which Is characterized in that: 

the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from eth- 
ylene and a-olefins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the aforesaid formula (I), and 
(il) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

the propylene copolymer contains constituent units derived from propylene in an amount of not less than 90 % 
by mol; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-mettiyl-1 -pentene in an amount of not less than 90 % by mol. 

Propylene copolymer f A7^ 

The propylene copolymer (A7) for constituting the fifteenth propylene polymer composition is identical with tiie pro- 
pylene copolymer (AT) for constituting the thirteenth propylene polymer composition. 

Qltfip pQiymyfa 

The olefin polymer (E) for constituting the fifteenth propylene polymer composition is identical witii tiie olefin poly- 
mer (E) for constituting the eighth propylene polymer composition. 

The olefin polymer (E) can be used in combination of two or more Kinds. 

Propylene polymer composition 

The fifteenth propylene polymer composition comprises the propylene copolymer (AT) and the olefin polymer (E). 
In this composition, it is desired that the propylene copolymer (AT) is contained in an amount of 5 to 95 % by weight, 
preferably 30 to 90 % by weight, nrtore preferably 50 to 80 % by weight; and the olefin polymer (E) is contained in an 
amount of 5 to 95 % by weight, preferably 1 0 to TO % by weight, more preferably 20 to 50 % by weight. 

The fifteenth propylene polymer composition is desired to have f^FR, as measured at 230 under a load of 2.16 
kg. of 0. 1 to 1 ,000 g/1 0 min, preferably 0.5 to 200 g/1 0 min. In tiiis composition, Mw/Mn of all tine propylene components 
for constituting the composition is desirably in tiie range of 1 .5 to 3.5. 

The density of the fifteenth propylene polymer composition is desired to be in tiie range of 0.80 to 0.98 g/cm^. pref- 
erably 0.85 to 0.94 g/cm^. 

The flexural modulus (FM) thereof is desired to be In the range of 2,000 to 20.000 kg/cm^, preferably 4.000 to 
15,000 kg/cm2. 

The Izod inpact strength (IZ) thereof at 23 'C is desired to be in the range of 2 to 20 1^ • cm/cm, preferably 5 to 20 
kg •cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in tiie range of 100 to 2.000 %. preferably 200 to 1 .000 

%. 

The heal distortion temperature (HDT) ttiereof is desired to be not lower ttian 80 *C. preferably in the range of 90 

to 140 *^C, 

The fifteenth propylene polymer composition may contain, if necessary, additives which may be added to tiie first 
propylene polymer conposition, with tiie proviso that the object of ttie invention Is not maned. 

This propylene polymer composition can be prepared by known processes. For example, the composition can be 
prepared in accordance with the processes (1) to (5) described for the first propylene polymer composition, using the 
propylene copolymer (AT) and tiie oldin polymer (E). 

Such propylene polymer composition Is excellent in heat resistance, rigidity and tensile elongation at break. 
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The sixteenth propylene polvmer composition 

The sixteenth propylene polymer composition of the invention comprises: 

(AT) a propylene copolymer which is characterized in that: 

the propylene copolymer is otstained by copolymerizing propylene and at least one a-oiefin selected from eth- 
ylene and a-olefins of 4 to 20 cart)on atoms in the presence of an olefin polymerization catalyst comprising: 

(I) (h) a transition metal compound represented by the aforesaid formula (I), and 
(ii) at least one compound selected from the group consisting of 

(b) an organoalumlnum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

ttie propylene copolymer contains constituent units derived from propylene in an amount of not less than 90 % 
bymol; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
% by mol and is different from tiie propylene copolymer (AT); and 
(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is obtained by polymerizing or copolymerizing at least one monomer selected from olefins of 
2 to 20 cartx)n atoms and polyenes of 5 to 20 carton atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol. and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ''C. 
Propylene gppolymer (AT) 

The propylene copolymer (AT) for constituting the sixteenth propylene polymer composition is identical with tiie 
propylene copolymer (AT) for constituting tiie tiiirteenth propylene polymer composition. 

Pro pylene polymer (A6) 

The propylene polymer (A6) for constituting the sixteenth propylene polymer composition is identical with the pro- 
pylene polymer (A6) for constituting the sixUi propylene polymer composition. 

Olefin elastomer (D) 

The olefin elastomer (D) for constituting the sixteenth propylene polymer composition is Identical witii tiie olefin 
elastomer (D) for constituting tiie seventh propylene polymer composition. 
The olefin elastomer (D) can be used in combination of two or more kinds. 

Propylene polymer composition 

The sixteenth propylene polymer composition contains, as its essential components, the propylene copolymer 
(AT), the propylene polymer (A6) which is different from tiie propylene copolymer (AT), and the olefin elastomer (D). 
This composition contains the propylene copolymer (AT) in an amount of 5 to 95 % by weight, ttie propylene polymer 
(A6) in an amount of not more than 95 % by weight and the olefin elastomer (D) in an amount of not more than 95 % 
by weight. 

In the sixteenth propylene polymer composition, it is desired tiiat the propylene copolymer (A7) is contained in an 
amount of 5 to 95 % by weight, preferably 30 to 85 % by weight, more preferably 30 to 60 % by weight: the propylene 
polymer (A6) is contained in an amount of 3 to 93 % by weight, preferably 5 to 60 % t^y weight, more preferably 30 to 
60 % by W0ght; and the olefin elastomer (D) is contained in an amount of 2 to 92 % weight, preferably 10 to 65 % 
by weight, more preferably 10 to 40 % by weight. 

In tiie sixteenth propylene polymer composition, when the intrinsic viscosity (hlAy) of tiie propylene copolymer (AT) 
and tiie intrinsic viscosity ([tiIag) of tiie propylene polymer (A6) has a relation of [ti]a7 ^ [tiIaG' desired that [r\]fij is 
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in the range of 1 to 10 dl/g, preferably 2 to 5 dl/g; li\]fi,^ is in the range of 0.2 to 1.5 dl/g, preferably 0.3 to 1 .0 dl/g; and 
([nW^^As) IS in the range of 3 to 30, preferably 4 to 20. 

When the intrinsic viscosity ([nW) <^ the propylene copolymer (AT) and the intrinsic viscosity {Mas) of the propyl- 
ene polymer (A6) has a relation of [t]]a7 < Mas* it is desired that [ti]a7 is in the range of 0.2 to 1 .5 dl/g, preferably 0.3 to 
1 .0 dl/g; [ii]a6 is in the range of 1 to 10 dl/g. preferably 2 to 5 dl/g; and ([tiIag^tiIa?) is in the range of 3 to 30. preferably 
4 to 20. 

The sixteenth propylene polymer composition is desired to have MFR, as measured at 230 *'C under a load of 2.16 
kg, of 0.01 to 1,000 g/10 min. preferably 0.5 to 200 g/10 min. In this composition, Mw/Mn of all the propylene compo- 
nents for constituting the composition is desirably in the range of 4 to 15. 

The density of the sixteenth propylene polymer composition is desired to be in the range of 0.87 to 0.92 g/cvr?, pref- 
erably 0.88 to 0.92 g/cm^. 

The flexural modulus (FM) thereof is desired to be in the range of 2,000 to 20,000 kg/cm^, preferably 4,000 to 
15.000 kg/cm^. 

The Izod impact strength (IZ) thereof at 23 ""C is desired to be in the range of 10 to 60 kg • cm/cm. preferably 20 to 
60 kg -cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 2,000 %, preferably 200 to 1 .000 

%. 

The heat distortion temperature [HUT) thereof is desired to be not lower than 80 ""C. preferably in the range of 90 
to 140 ^C. 

The sixteenth propylene polymer composition may contain, if necessary, additives which may be added to the first 
propylene polymer composition, with the proviso that the object of the Invention is not man'ed. 

The sixteenth propylene polymer composition can be prepared by known processes. For example, the composition 
can be prepared in accordance with the processes (1) to (5) described for the first propylene polymer composition, 
using the propylene copolymer (A7), the propylene polymer (A6) and the olefin elastomer (D). 

Such sixteenth propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elonga- 
tion at break but also moldability and impact resistance. 

The sixteenth propylene polymer composition can be favorably used for various structural materials such as those 
of automobiles and electrical appliances, daily necessaries, various films and sheets. 

The seventeenth propylene polymer composition 

The seventeenth propylene polymer composition of the invention comprises: 

(AT) a propylene copolymer which Is characterized in that: 

the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from eth- 
ylene and a-olefins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the aforesaid formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound. and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

the propylene copolymer contains constituent units derived from propylene in an amount of not less than 90 % 
by md; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less tiian 90 
% by mol and is different from the propylene copolymer (AT); and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyl-1-pentene in an amount of not less than 90 % by mol. 

Propvlene copolymer (AT) 

The propylene copolymer (AT) for constituting the seventeenth propylene polymer composition Is identical with the 
propylene copolymer (AT) for constituting the thirteenth propylene polymer composition. 
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The propylene polymer (A6) for constituting the seventeenth propylene polymer composition is identical with the 
propylene polymer (A6) for constituting the sixth propylene polymer composition. 

Olefin polvmer fE) 

The olefin polymer (E) for constituting the seventeenth propylene polymer composition is identical with the olefin 
polymer (E) for constituting the eighth propylene polymer composition. 
The olefin polymer (E) can be used in combination of two or more kinds. 

Propylene oolvmer composition 

The seventeenth propylene polymer composition contains, as its essential components, the propylene copolymer 
(AT), the propylene polymer (A6) which is different from the propylene copolymer (AT), and the olefin polymer (E). This 
composition contains the propylene copolymer (AT) in an amount of 5 to 95 % by weight, the propylene polymer (A6) in 
an amount of not more than 95 % by weight and the ol^in polymer (E) in an amount of not more than 95 % by weight. 

In the seventeenth propylene polymer connposition, it is desired that the propylene copolymer (AT) is contained in 
an amount of 5 to 95 % by weight, preferably 30 to 85 % by weight, more preferably 30 to 60 % by weight; the propylene 
polymer (A6) is contained in an amount of 3 to 93 % by weight, preferably 5 to 60 % by weight, more preferably 30 Id 
60 % by weight; and the olefin polymer (E) is contained in an amount of 2 to 92 % by weight, preferably 10 to 65 % by 
weight, more preferably 1 0 to 40 % by weight. 

In the seventeenth propylene polymer composition, when the intrinsic viscosity ([nW) propylene copolymer 
(AT) and the intrinsic viscosity ([ti]a6) of the propylene polymer (A6) has a relation of [ti]a7 ^ [ii]a6> it is desired that [ti]^? 
is in the range of 1 to 1 0 dl/g. preferably 2 to 5 dl/g; [t]]a6 is in the range of 0.2 to 1 .5 dl/g, preferably 0.3 to 1 .0 dl/g; and 
(hW^nlAs) is in the range of 3 to 30, preferably 4 to 20. 

When the intrinsic viscosity ([nU?) of the propylene copolymer (AT) and the intrinsic viscosity ([nW of the propyl- 
ene polymer (A6) has a relation of [tiIa? < Mm* it desired that [hIa? (S in the range of 0.2 to 1 .5 dl/g. preferably 0.3 to 
1 .0 dl/g; [ti]a6 is in the range of 1 to 10 dl/g, preferably 2 to 5 dl/g; and ([nlAe^nlA?) is in the range of 3 to 30, preferably 
4 to 20. 

The seventeenth propylene polymer conposition is desired to have MFR, as measured at 230 °C under a load of 
2.16 kg, of 0.01 to 1 ,000 g/10 min. preferably 0.5 to 200 g/10 min. In this composition, Mw/Mn of all the propylene com- 
ponents for constituting the composition is desirably in the range of 4 to 15. 

The density of the seventeenth propylene polymer composition is desired to be in the range of 0.80 to 0.98 g/cm^. 
preferably 0.85 to 0.94 g/cm^. 

The flexurai modulus (FM) thereof is desired to be in the range of 2,000 to 20.000 kg/cm^, preferably 4,000 to 
15.000 kg/cm2. 

The Izod impact strength (IZ) thereof at 23 ^"0 is desired to be in the range of 2 to 20 kg • cm/cm, preferably 5 to 20 
kg«cnVcm. 

The tensile elongation at break (EL) thereof is desired to be In the range of 100 to 2,000 %, preferably 200 to 1 ,000 

%. 

The heat distortion temperature (HDT) thereof is desired to be not lower than 80 '^C. preferably in the range of 90 
to 140 ^C. 

The seventeenth propylene polymer composition may contain, if necessary, additives which may be added to the 
first propylene polymer composition, with the proviso that the object of the invention is not marred. 

The seventeenth propylene polymer composition can be prepared by known processes. For example, the compo- 
sition can be prepared in accordance with the processes (1) to (5) desaibed for the first propylene polymer composi- 
tion, using the propylene copolymer (AT), the propylene polymer (A6) and the olefin polymer (E). 

Such seventeenth propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elon- 
gation at break but also moldability. 

The eighteenth propylene polymer Qomposltion 

The eighteenth propylene polymer composition of the invention comprises: 

(AT) a propylene copolymer which is characterized in that: 

the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected from eth- 
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yiene and a-oiefins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the aforesaid formula (I), and 

(ii) at least one conpound selected from the group consisting of 

5 

(b) an organoaluminum oxy-compound. and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

the propylene copolymer contains constituent units derived from propylene in an amount of not less than 90 % 
10 by mol: 

(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is obtained by polymerizing or copolymerizing at least one monomer selected from olefins of 
IS 2 to 20 carbon atoms and polyenes of 5 to 20 carbon atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pentene in 
an amount of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 *C: and 

20 (E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
ing of ethylene, butene and 4-methyt-1-pentene in an anfiount of not less than 90 % by mol. 

Propylene copolymer (AT) 

25 The propylene copolymer (AT) for constituting the eighteenth propylene polymer composition is identical with the 
propylene copolymer (AT) for constituting the thirteenth propylene polymer composition. 

Olefin elastomer f D) 

30 The olefin elastomer (D) for constituting the eighteenth propylene polymer composition is identical with the olefin 
elastomer (D) for constituting the seventh propylene polymer composition. 
The olefin elastomer (0) can be used in combination of two or nfx>re kinds. 

Olefin polymer (E) 

35 

The olefin polymer (E) for constituting the eighteenth propylene polymer composition is identical with the olefin pol- 
ymer (E) for constituting the eighth propylene polymer composition. 

The olefin polymer (E) can be used in combination of two or nnore kinds. 

40 Pro pylene po lymer confiposition 

The eighteenth propylene polymer composition contains, as its essential conrponents, the propylene copolymer 
(AT), the olefin elastomer (D) and the olefin polymer (E). This composition contains the propylene copolymer (AT) in an 
amount of 5 to 95 % by weight, the olefin elastomer (D) in an amount of not more than 95 % by weight and the olefin 
45 polymer (E) in an amount of not more than 95 % by weight. 

In the eighteenth propylene polymer composition, it is desired that the propylene copolymer (AT) is contained in an 
amount of 5 to 95 % by weight, preferably 30 to 85 % by weight, more preferably 50 to 70 % by weight; the olefin elas- 
tomer (D) is contained in an amount of 3 to 93 % by weight, preferably 10 to 65 % by weight, more preferably 20 to 40 
% by weight; and the olefin polymer (E) is contained in an amount of 2 to 92 % by weight, preferably 5 to 60 % by weight. 
50 more preferably 1 0 to 30 % by weight. 

The eighteenth propylene polymer composition is desired to have MFR, as measured at 230 *'C under a load of 
2. 16 kg. of 0.01 to 1 ,000 g/10 min. preferably 0.5 to 200 g/10 min. In this composition, Mw/Mn of all the propylene com- 
ponents for constituting the composition is desirably in the range of 1 .5 to 3.5. 

The density of the eighteenth propylene polymer composition is desired to be in the range of 0.8T to 0.92 g/cm^, 
55 preferably 0.88 to 0.92 q/cvt?. 

The flexural modulus (FM) thereof is desired to be in the range of 2,000 to 20,000 kg/cm^, preferably 4,000 to 
15,000 kg/cm2. 

The Izod impact strength (IZ) thereof at 23 °C is desired to be in the range of 10 to 60 kg • cm/cm. preferably 20 to 
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60 kg • cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 2,000 %. preferably 200 to 1 .000 

%. 

The heat distortion temperature (HDT) thereof is desired to be not lower than 80 ''C. preferably in the range of 90 
5 to140°C. 

The eighteenth propylene polymer composition may contain, if necessary, additives which may be added to the first 
propylene polymer composition, with the proviso that the object of the invention is not marred. 

The eighteenth pror^ene polymer composition can be prepared by known processes. For example, the composi- 
tion can be prepared in accordance with the processes (1) to (5) described for the first propylene polymer composition. 
10 using the propylene copolymer (AT), the olefin elastomer (D) and the olefin polymer (E). 

Such eighteenth propylene polymer composition is excellent In not only heat resistance, rigidity and tensile elonga- 
tion at break but also impact resistance. 

The eighteenth propylene polymer composition can be favorably used for various structural materials such as those 
of automobiles and electrical appliances, daily necessaries, various films and sheets. 

75 

The nineteenth propylene polymer composition 

The nineteenth propylene polymer composition of the invention comprises: 

20 (AT) a propylene copolymer which is characterized in that: 

the propylene copolymer is obtained by copolymerizing propylene and at least one a-olef in selected from eth- 
ylene and a-olefins of 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

25 (i) (h) a transition metal compound represented by the aforesaid formula (I), and 

(ii) at least one corrpound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(/) a compound which reacts with the transition metal compound (h) to form an ion pair, and 

30 

the propylene copolymer contains constituent units derived from propylene in an amount of not less than 90 % 
by mol; 

(A6) a propylene polymer which contains constituent units derived from propylene in an amount of not less than 90 
35 % by mol and is different from the propylene copolymer (AT); 

(D) an olefin elastomer which is characterized in that: 

(1) the elastomer is obtained by polymerizing or copolymerizing at least one monomer selected from olefins of 
2 to 20 carbon atoms and polyenes of 5 to 20 cart>on atoms, 
40 (2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1 -pentene in 

an amount of less than 90 % by mol, and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than 10 ""C; and 

(E) an olefin polymer which contains constituent units derived from one monomer selected from the group consist- 
45 Ing of ethylene, butene and 4-methyl-1 -pentene in an amount of not less than 90 % by mol. 

Propylene copolymer (AT) 

The propylene copolymer (AT) for constituting the nineteenth propylene polymer composition is identical with the 
50 propylene copolymer (AT) for constituting the thirteenth propylene polymer composition. 

Propylene polymer (AS) 

The propylene polymer (A6) for constituting the nineteenth propylene polymer coniposition is identical with the pro- 
55 pylene polymer (A6) for constituting the sixth propylene polymer conposition. 
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Olefin elastomer (D) 

The olefin elastomer (D) for constituting the nineteenth propylene polymer composition is Identical with the olefin 
elastomer (D) for constituting the seventh propylene polymer composition. 
5 The olefin elastomer (D) can be used in combination of two or more kinds. 

Olefin Dolvmer (B 

The olefin polymer (E) for constituting the nineteentii propylene polymer composition is identical with the olefin poi- 
10 ymer (E) for constituting the eighth propylene polymer composition. 

The oldin polymer (E) can be used in comianation of two or more kinda 

Prppyi^ne polymer cQfTPOsition 

15 The nineteenth propylene polymer composition contains, as its essential components, the propylene copolymer 
(AT), the propylene polymer (A6) which is different from the propylene copolymer (AT), the olefin elastomer (D) and the 
olefin polymer (E). This composition contains the propylene copolymer (AT) in an amount of 5 to 95 % by weight, the 
propylene polymer (A6) in an amount of not more than 95 % by weight, tiie olefin elastomer (D) in an amount of not 
more than 95 % by weight and the olefin polymer (E) in an amount of not more than 95 % by weight. 

20 In tiie nineteenth propylene polymer composition, it is desired tiiat tiie propylene copolymer (AT) is contained in an 
amount of 5 to 95 % by weight, preferably 30 to 85 % by weight, more preferably 30 to 50 % by weight; the propylene 
polymer (A6) is contained in an amount of 2 to 92 % by weight, preferably 5 to 60 % by weight, more preferably 30 to 
50 % by weight; the olefin elastomer (D) is contained In an amount of 2 to 92 % by weight, preferably 5 to 60 % by 
weight, more preferably 10 to 30 % by weight; and the olefin polymer (E) is contained in an amount of 1 to 91 % by 

25 weight, preferably 5 to 60 % by weight, more preferably 10 to 30 % by weight. 

In tiie nineteenth propylene polymer composition, when tiie intrinsic viscosity (Ivifij) of the propylene copolymer 
(AT) and the intrinsic viscosity ([tiIas) of the propylene polymer (A6) has a relation of i(\]fij ^ [ii]a6. it is desired that [vipj 
is in the range of 1 to 1 0 dl/g. preferably 2 to 5 dl/g; [ti]a6 is in the range of 0.2 to 1 .5 dl/g, preferably 0.3 to 1 .0 dl/g; and 
(hW^nlAe) is in the range of 3 to 30. preferably 4 to 20. 

30 When the Intrinsic viscosity ([rilAy) of the propylene copolymer (AT) and the intrinsic viscosity (Mas) ^ propyl- 
ene polymer (A6) has a relation of [tiJa? < hlAS- 'S desired that is In the range of 0.2 to 1 .5 dl/g, preferably 0.3 to 
1 .0 dl/g; [ti]a6 is in ttie range of 1 to 10 dl/g. preferably 2 to 5 dl/g; and ([nUe^nlA?} is in the range of 3 to 30, preferably 
4 to 20. 

The nineteenth propylene polymer composition is desired to have MFR, as measured at 230 °C under a load of 
35 2.16 kg, of 0.01 to 1.000 g/10 min. preferably 0.5 to 200 g/10 min. In this composition. Mw/Mn of all the propylene com- 
ponents for constituting the composition is desirably In the range of 4 to 15. 

The density of tiie nineteenth propylene polymer composition is desired to be in tiie range of 0.8T to 0.92 gfcvrP, 
preferably 0.88 to 0.92 g/cm^. 

The flexural modulus (FM) thereof is desired to be in the range of 2,000 to 20.000 kg/cm^, preferably 4,000 to 
40 15,000 kg/cm^. 

The Izod impact strength (IZ) thereof at 23 ^'C Is desired to be in the range of 10 to 60 kg • cm/cm, preferably 20 to 
60 kg • cm/cm. 

The tensile elongation at break (EL) thereof is desired to be in the range of 200 to 2.000 %. preferably 200 to 1 ,000 

%. 

45 The heat distortion temperature (HDT) thereof is desired to be not lower than 80 ""C, preferably in the range of 90 
to140°C. 

The nineteenth propylene polymer composition may contain, if necessary, additives which may be added to tiie first 
propylene polymer composition, with the proviso that the object of the invention is not marred. 

The nineteenth propylene polymer composition can be prepared by known processes. For example, the composi- 
50 tion can be prepared in accordance witii the processes (1) to (5) desaibed for the first propylene polymer composition, 
using the propylene copolymer (AT), tiie propylene polymer (A6), tiie olefin elastomer (D) and the olefin polymer (E). 

Such propylene polymer composition is excellent in not only heat resistance, rigidity and tensile elongation at break 
but also moldability and impact resistance. 

The nineteenth propylene polymer composition can be favorably used for various structural materials such as those 
55 of automobiles and etectrical appliances, daily necessaries, various films and sheets. 
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EFFECT QF THE INVENTION 

The propylene polymer compositions of the invention are excellent in heat resistance, rigidity and tensile elongation 
at break. 

5 

EXAMPLE 

The present invention is desaibed in more detail with reference to the following examples, but it should be con- 
strued that the invention is in no way limited to those examples. 
10 In the present invention, physical properties were measured by the following methods. 

Intrinsic yiscositv Fnl 

The intrinsic viscosity [i]] was measured in decalin at 135 ""C. 

IS 

Melt flow rate fMFR) 

The melt flow rate (MFR) was measured in accordance with ASTI^ D1238 under the following conditions. 
20 Conditions: 230 "^C. 2.16 kg 
Flexural modulus (FM) 

Theflexural modulus (FM) was measured in accordance with ASTM D790 under the following conditions. 

25 

Size of specimen: 

12.7 (width) X 6.4 (thickness) x 127 (length) 
Span: 100 mm 
Flexure rate: 2 mm/min 

30 

Izod impact strenoth (IZ^ 

The Izod impact strength (IZ) was measured in accordance with ASTM D256 under the following conditions. 

35 Temperature: 23 "C, -30 ^'C 
Size of specimen: 

12.7 (width) X 6.4 (thickness) x 64 (length) 
The specimen was mechanically notched. 

40 

Tensile elongation at break (EL) 

The tensile elongation at break (EL) was measured in accordance with ASTM D638 under the following conditions. 
45 Temperature: 23 ''C 

Heat distQiHon temperature (HPT) 

The heat distortion temperature was measured in accordance with ASTM D648 under the following conditions. 

so 

Size of specimen: 

12.7 (width) X 6.4 (thickness) x 127 (length) 
Preparation Example 

55 

[Preparation of a propylene polymer (1)] 

A catalyst component was prepared by mixing 0.0030 mmol (in terms of Zr atom) of rac-dimethylsilylbis(2-methyl- 
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indenyl)zirconium dichloride and 1.50 mmol of methylaluminoxane. 

Into a 4-liter stainless steel autoclave thoroughly purged with nitrogen was introduced 1 liter of purified toluene, fol- 
lowed by stirring for 20 minutes in a propylene atmosphere. Then, the temperature of the reaction system was raised. 
When the temperature became 30 ''C. 1 .5 mmol of methylaluminoxane and the catalyst component prepared above 
5 were added to the system, thereby to perform polymerization for 1 hour at 40 ''C under a propylene pressure of 3 
kg/cm^-Q. After the polymerization, the solvent was removed by filtration, and the resulting product was washed with 
methanol and dried In vacuo at 80 ^'C for 10 hours. 

Thus, a polymer [propylene polymer (1)] was obtained in an amount of 146 g, and the polymerisation activity was 
48.700 g-PP/mmol-Zr. This polymer had [ti] of 2.58 dl/g, MFR of 1.9 g/10 min, Mw of 339,000 and Mw/Mn of 2.03. 

10 

[Preparation of a propylene polymer (2)] 

preparatipn of a solid catalva compppern 

15 A 500-ml reactor thoroughly purged with nitrogen was charged with 25 g of silica (i.e.. F-948 of Fuji Davison Co. 
having been dried at 200 "C for 6 hours in a stream of nitrogen) and 31 0 ml of toluene, and the temperature of the sys- 
tem was made 0 ""C with stirring. To the system was dropwlse added 90 ml of an organoaluminum oxy-compound (i.e., 
methylaluminoxane of Schering Co. having been diluted with toluene, 2.1 molTI) over a period of 60 minutes in a nitro- 
gen atmosphere. Then, the reaction was carried out at the same temperature for 30 minutes, successively at 90 ""C for 

20 4 hours. Thereafter, the reaction system was cooled by allowing it to stand. When the temperature became 60 ""C, the 
supernatant liquid was removed by decantation. and the resulting reaction liquid was washed three times with 150 ml 
of toluene. 

Thus, a solid catalyst component (C-1) containing 6.8 mmol of Al based on 1 g of silica was obtained. 

25 Preparation of a prepolvmerized catalyst component (C-2) 

A 500-ml reactor thoroughly purged with nitrogen was charged with 320 ml of n-hexane. Then, to the reactor were 
added 40 mmol (in terms of Al atom) of the solid catalyst component (C-1) obtained above and 0.04 mmol (in terms of 
Zr atom) of rac-dimethylsllylbis(2-methylindenyl)zirconium dichloride, and the contents in the reactor were stirred for 10 
30 minutes. Further, 1 .2 mmol of triisobutylaluminum was added, followed by stirring for another 10 minutes. Then, a pro- 
pylene gas (13.4 l/hr) was passed through the reactor for 1 hour at 20 ''C to perform prepoiymerization of propylene. 
The supernatant liquid was removed by decantation. and the resulting product was washed three times with 150 ml of 
decane. 

Thus, a prepolymerized catalyst component (C-2) in which Zr and Al were supported in amounts of 0.0042 mmol 
35 and 4.35 mmol. respectively, based on 1 g of the solkJ catalyst was obtained. 

PQlymgriz^ipn 

Into a 4-liter stainless steel autoclave thoroughly purged with nitrogen was introduced 1.5 liters of n-hexane, fbl- 
40 lowed by stirring for 20 minutes in a propylene atmosphere. Then, the temperature of the reaction system was raised. 
When the temperature became 50 ^C. 2.90 mmol off triisobutylaluminum. 0.0030 mmol (in terms of Zr atom) of the pre- 
polymerized catalyst component (C-2) prepared above and 150 ml of hydrogen were added to the system, thereby to 
perform polymerisation for 2 hours at 60 ''C under a propylene pressure of 7 kg/cm^-G. After the polymerization, the 
solvent was removed by filtration, and the resulting product was washed with methanol and dried in vacuo at 80 ^C for 
45 10 hours. 

Thus, a polymer [propylene polymer (2)] was obtained in an amount of 304 g, and the polymerization activity was 
101 ,000 g-PP/mmd-Zr. This polymer had [r\] of 1 .01 dl/g, l\/IFR of 145 g/10 min and Mw/Mn of 3.78. 

[Preparation of a propylene polymer (3)] 

so 

Preparation of a prepolvmerized catalyst component fC-3) 

A 500-ml reactor thoroughly purged with nitrogen was charged with 350 ml of n-hexane. To the reactor were added 
' 16 mmol (in terms of M atom) of the solid catalyst component (C-1) prepared above and 0.04 mmol (in terms of Zr 
55 atom) of rac-dimethylsilylbis(2-methylindenyl)2irconium dichloride, and the contents in the reactor were stirred for 10 
minutes. Further, 1.2 mmol of triisobutylaluminum was added, followed by stirring for another 10 minutes. Then, a pro- 
pylene gas (13.4 l/hr) was passed through the reactor for 1 hour at 20 ""C to perform prepoiymerization of propylene. 
The supernatant liquid was removed by decantation, and the resulting product was washed three times with 150 ml of 
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decane. 

Thus, a prepolymerized catalyst component (C-3) in which Zr and Al were supported in amounts of 0.001 1 mnfK>t 
and 4.50 mmol. respectively, based on 1 g of the solid catalyst was obtained. 

Polymerization 

Into a 2-liter stainless steel autoclave thoroughly purged with nitrogen was introduced 750 ml of n-hexane, followed 
by stirring for 20 minutes in a propylene atmosphere. Then, the temperature of the reaction system was raised. When 
the temperature became 50 **C. 2.7 mmol of triisobutylaluminum and 0.045 mmol (in terms of Zr atom) of the prepolym- 
erized catalyst component (C-3) prepared above were added to the system, thereby to perform polymerization for 1 .5 
hours at 60 ''C under a propylene pressure of 7 kg/cm^-G. After the polymerization, the solvent was removed by filtra- 
tion, and the resulting product was washed with methanol and dried in vacuo at 80 ""C forlO hours. 

Thus, a polymer [propylene polymer (3)] was obtained in an amount of 403 g, and the polymerization activity was 
89.600 g-PP/hfimol-Zr. This polymer had [n] of 1 .33 dl/g. MFR off 34 g/10 min and Mw/Mn of 2.93. 

[Preparation of a propylene polymer (4)] 

Preparation of a solid titanium catalyst component 

95.2 g of anhydrous magnesium chloride, 442 ml of decane and 390.6 g of 2-ethylhexyl alcohol were mixed and 
then heated at 130 ''C for 2 hours to give a homogeneous solution. To the solution was added 21.3 g of phthalic anhy- 
dride, and they were further stirred at 130 ""C for 1 hour to dissolve the phthalic anhydride in the homogeneous solution. 
After the resulting solution was cooled to room temperature, 75 ml of the solution was dropwise added to 200 ml of tita- 
nium tetracNoride kept at -20 ""C over a period of 1 hour. After the addition was completed, the temperature of the mixed 
solution was raised to 1 10 over a period of 4 hours. When the temperature of the solution reached 1 10 ""C. 5.22 g of 
diisobutyl phthalate (DIBP) was added to the solution, followed by stirring at the same temperature for 2 hours. After the 
2-hour reaction was completed, the solid portion was collected by hot filtration, and resuspended in 275 ml of titanium 
tetrachloride. The resulting suspension was again heated at 1 10 ""C for 2 hours to perform reaction. 

After the reaction was completed, the solid portion was collected again by hot filtration, and sufficientiy washed with 
decane and hexane at 1 10 ""C until any titanium compound liberated in the washing liquid was not detected. Through 
the above process, the solid titanium catalyst component was obtained in the form of a decane slurry, and a part of tiiis 
decane slun-y was dried for tiie purpose of examining the catalyst composition. 

As a result, the solid titanium catalyst connponent had a conposition comprising 2.4 % by weight of titanium. 60 % 
by weight of chlorine. 20 % by weight of magnesium and 13.0 % by weight of DIBP 

Preparation of a prepolvmerized catalyst component (C-4) 

A 400-ml four-necked glass reactor equipped with a stirrer was charged with 150 ml of purified hexane, 15 mniol of 
triethylaluminum, 3 mmol of dicyclopentyldimetiioxysilane (DCPMS) and 1 .5 mmol (in terms of Ti atom) of tfie solid tita- 
nium catalyst component prepared above in a nitrogen atmosphere. Then, to tiie reactor was fed propylene at 20 ""C for 
1 hour at a feed rate of 3.2 l/hr. After feeding of propylene was completed, the reactor was purged witii niti-ogen, and 
washing operation consisting of removal of a supernatant liquid and addition of purified hexane was carried out twice. 
Then, the resulting product was resuspended in purified hexane, and all the resulting suspension was transferred into 
a catalyst bottle to obtain a prepolymerized catalyst component (C-4). 

Polymerization 

Into a 17-llter autoclave was introduced 4 kg of propylene at room temperature in a propylene atmosphere. To the 
autoclave was added 1 1 liters of hydrogen, and tiie temperature of the reaction system was raised to 60 "C. To system 
were further added 5 mmol of trietiiylaluminum, 5 mmol of DCPMS and 0.05 mmol (in terms of Ti atom) of the prepo- 
lymerized catalyst component (C-4) prepared above, and tiie temperature of the system was further raised to 70 ""C to 
perform polymerization reaction at tiie same temperature for 40 minutes. Immediately after the reaction was completed, 
a small amount of ethanol was added to the system to decompose the catalyst, thereafter the unreacted propylene and 
hydrogen were purged. Thus, a white powdery polymer was obtained. The white powdery polymer tiius obtained was 
dried In vacuo at 80 ""C Ibr 10 hours. 

The amount of tiie white powdery polymer [propylene polymer (4)] obtained after drying was 1 ,630 g, and therefore 
the polymerization activity was 32.600 g-PP/mmot-Ti. This polymer had a boiling heptane extraction residue proportion 
(I.I.) of 99.1 %. [ti] of 3.0 dl/g, MFR of 1 .2 g/10 min and Mw/Mn of 5.1. 



68 



EP0841373A2 



[Preparation of a propylene polymer (5)] 

The procedures of the polymerization and the post treatment for preparing the propylene polymer (4) were 
repeated except that the addition amount of hydrogen was varied to 150 liters. 
5 The amount of the polymer [propylene polymer (5)] thus obtained was 2,030 g, and the polymerization activity cor- 
responded to 40,600 g-PP/mmol-Ti. This polymer had [t]] of 1 . 1 0. dl/g, MFR of 1 55 g/1 0 min, Mw/Mn of 4.9 and a tx)iling 
heptane extraction residue proportion (I.I.) of 97.0 %. 

[Preparation of a propylene polymer (6)] 

10 

The procedures of the polymerization and the post treatment for preparing the propylene polymer (4) were 
repeated except the addition amount of hydrogen was varied to 60 liters. 

The amount of the polymer [propylene polymer (6)] thus obtained was 1 ,905 g, and the polymerization activity cor- 
responded to 38, 100 g-PP/mmol-Ti. This polymer had [n] of 1.55 dl/g, MFR of 25 g/10 min. Mw/Mn of 5.0 and a boiling 
75 heptane extraction residue proportion (I.I.) of 98.8 %. 

[Preparation of a propylene polymer (7)] 

gynthesi^ pf 3-(2-biphenylyl)-2-gthylprQpiQnig acid 

20 

To a 2-liter four-necked round flask (equipped with a stirrer, a Zimroth condenser, a dropping funnel and a thermom- 
eter) were fed 40.4 g (360 mmol) of potassium t-butoxide, 300 ml of toluene and 60 ml of N-methylpyrrolidone. Then, a 
solution obtained by dissolving 62.1 g (330 mmol) of diethyl ethylmalonate in 150 ml of toluene was dropwise added to 
the system while heating at 60 in a nitrogen atmosphere. After the addition was completed, the resulting mixture was 

25 reacted for 1 hour at the same temperature. Then, to the mixture was dropwise added at the same temperature a solu- 
tion obtained by dissolving 60.8 g (300 mmol) of 2-phenylbenzyl bromide in 90 ml of toluene. After the addition was 
completed, the temperature of the system was elevated, and the reaction mixture was ref luxed for 2 hours. The reaction 
mixture was poured in 600 ml of water, and adjusted to pH 1 by adding 2N-HCI. The organic phase was separated, and 
the aqueous phase was extracted three times with 200 ml of toluene. The whole organic phase was washed with a sat- 

30 urated salt solution until the organic phase became neutral, and dried with anhydrous Na2S04. The solvent was con- 
centrated under reduced pressure to obtain 110 g of an yellow-orange concentrated solution. 

To a 2-liter four-necked round flask (equipped with a stirrer, a Zimroth condenser, a dropping funnel and a thermom- 
eter) were fed 202 g (3.06 m>\) of potassium hydroxide and 480 ml of an aqueous solution of methanol (methanol/water 
= 4/1 (v/v)). Then, a solution obtained by dissolving the above-obtained concentrate in 150 ml of an aqueous solution 

35 of methanol (methanol/water = 4/1 (v/v)) was dropwise added at room temperature. After the addition, the temperature 
of the system was elevated, and the resulting mixture was ref luxed for 4 hours. Then, the mixture was cooled to room 
temperature, and the precipitated solid was filtered. The product obtained by filtration was dissolved in water. The 
resulting solution was adjusted to pH 1 (acidic) by adding a sulfuric acid and extracted five times with 200 ml of meth- 
ylene chloride. The whole organic phase was dried with anhydrous Na2S04. The solvent was concentrated under 

40 reduced pressure to obtain 72.6 g of a white solid product. 

To a 1 -liter three-necked round flask (equipped with a stirrer, a Zimrotii condenser and a thermometer) were fed 
72.6 g of the above-obtained white solid, 168 ml of an acetic add, 1 11 ml of water and 39.3 ml of a concentrated sulfuric 
acid, and the contents in the flask were refluxed for 6 hours in a nitrogen atmosphere. After the reaction was completed, 
the acetic acid was distilled off under reduced pressure, tiien to the resulting solution was added 150 ml of water, and 

45 the solution was extracted three times with 150 ml of metiiylene chloride. The whole organic phase was washed with 
1 50 ml of a saturated salt solution, and dried with anhydrous Na2S04. The solvent was distilled off under reduced pres- 
sure, and the residue was separated and purified by silica gel chromatography (developed with hexane/ettiyl acetate 
(2/1 -> 1/1 , by parts by volume)), to obtain 41 .1 g of a white solid (yield: 54 %). 
The physical properties of the product obtained are as fdlbws. 

so 

FD-MS: 254 (M*) 
m.p.:91.2-94.0 °C 
NMR (CDCI3. 90 MHz): 
6 = 0.71 (t. J = 7.2 Hz. 3H, CH3); 
55 1.16- 1.58 (m.2H): 

2.32 (bquin, J = 7.0 Hz, 1H. 
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I 

-CH-; 



2.61 - 2.99 (m, 2H); 
6.89 - 7,47 (m, 9H) 
10 IR (KBr disl^: 1 ,696 cm "' (vc^) 

Synthesis of 3'(2-biPhenvlvl)-2-ethvlDropionvl chloride 

To a 300-ml three-necked round flask (equipped with a stirrer tip. a Zimroth condenser, a thermometer and a NaOH 
15 trap) were fed 39.9 g (1 57.2 mmol) of 3-(2-biphenylyl)-2-ethylproplonlc acid and 77.7 ml (1 ,065 mmol) of thionyl chlo- 
ride, and the contents in the flask were refluxed for 2.5 hours in a nitrogen atmosphere. After the reaction was com- 
pleted, the unreacted thionyl chloride was distilled off under reduced pressure to obtain 45.6 g of a coarse product of 
an yellow-orange liquid. This acid chloride was used for the next reaction without any further purification. 

The physical properties of the product obtained are as follows. 

20 

IR (Neat): 1,786 cm-^ (vc„o) 
Synthesis of 4-ethyl-2-phenyl-1-indanone 

25 To a 500-ml three-necked round flask (equipped with a stirrer, a Zimroth condenser, a dropping funnel, a thernfK)m- 
eter and a NaOH trap) were fed 24.1 g (181 mmol) of anhydrous aluminum chloride and 150 ml of cart>on disulfide. 
Then, a solution obtained by dissolving 45.6 g (52.4 mmol) of 3-(2-biphenylyl)-2-ethylpropionyl chloride in 63 ml of car- 
bon disulfide was dropwise added to the system while cooling wrth ice in a nitrogen atmosphere. After the addition was 
completed, the temperature in the flask was raised to room temperature to perform reaction for 1 hour. The reaction 

30 solution was poured in 600 ml of ice water to decompose the solution, and extracted twice with 300 ml of ether. The 
whole organic phase was successively washed with 300 ml of a saturated NaHCOs solution and 300 ml of a saturated 
salt solution, and dried with anhydrous Na2S04. The solvent was distilled off under reduced pressure, and the residue 
was separated and purified by silica gel chromatography (developed with hexane/ethyl acetate (10/1. by parts by vol- 
ume)), to obtain 32.4 g of the aimed product as an yellow solid (yield: 88 %). 

35 The physical properties of the product obtained are as follows. 

NMR (CDCI3. 90 MHz): 
6 = 0,98 (t. J = 7.2 Hz. 3H, CH3): 
1.60-2.20 (m,2H); 
40 2.42- 2,82 (m, 1H, 

I 

-CH-); 

45 

2.80 (dd, J = 3.8 Hz, 16.5 Hz. 1 H); 
3.36 (dd. J = 7.6 Hz. 16.5 Hz. IH); 
7.09 - 7.91 (m, 8H) 
so IR (Neat): 1 .705 cm'^ (v^q) 

Synthesis of 2-ethyl-1-hydrQxy-2-phenvlindane 

To a 500-ml three-necked round flask (equipped with a stirrer tip, a Zimroth condenser, a dropping funnel and a 
55 thermometer) were fed 2.55 g (67.8 mmol) of sodium boron hydride and 84 ml of ethanol. Then, a solution obtained by 
dissolving 31.8 g (135.3 mmol) of 2-ethyl-4-phenyl-1-indanone in 60 ml of ethanol was dropwise added to the system 
at room temperature in a nitrogen atmosphere. After the addition was completed, the temperature of the system was 
raised to 50 ""C to perform reaction for another 3.5 hours. After the reaction, the reaction solution was cooled, and ace- 
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tone was dropwise added thereto to decompose the unreacted sodium boron hydride. Then, the reaction mixture was 
concentrated under reduced pressure, and extracted by the addition of 150 m) of water and 150 ml of ether. After the 
organic phase was separated, the aqueous phase was extracted twice with 100 ml of ether. The whole organic phase 
was washed with 300 ml of a saturated salt solution, and dried with anhydrous Na2S04. The solvent was distilled off 
5 under reduced pressure, to obtain 32 g of the aimed product (mixture of two kinds of isomers) as a viscous light yellow 
liquid (yield: 99%). 

The physical properties of the product obtained are as follows. 

NMR (CDCI3. 90 MHz): 
10 6=1 .02 (t, J = 7.1 Hz, 3H, CH3); 
1.31 -3.28(m, 5H): 
4.86. 5.03 (each d. J » 6.4 Hz. 5.1 Hz. 
respectively, total 1H, 



-CH-0-) ; 



20 

7.10- 7.66 (m, 8H) 

I R (Neat): 3,340 cm'^ (v^^q) 

Synthesis of 2-ethyl-4-phenylindene 

25 

To a 1 -liter four-necked round flask (equipped with a stin'er. a dropping funnel and a thermometer) were fed 29.3 g 
(123.9 mmol) of 2-ethyl-1-hydroxy-4-phenylindane, 51 .6 g (371 .4 mmol) of trlethylamine. 0.75 g (6.3 mmol) of 4-dimeth- 
ylaminopyridine and 294 ml of methylene chloride. Then, a solution obtained by dissolving 19.2 ml (247.5 mmol) of 
methanesulfbnyl chloride in 19.5 ml of methylene chloride was dropwise added slowly to the system while cooling with 

30 ice in a nitrogen atmosphere. After the addition was conrpleted, the resulting mixture was reacted for another 3.5 hours 
at the same temperature. The reaction mixture was poured in 500 ml of ice water, then the organic phase was sepa- 
rated, and the aqueous phase was further extracted twice with 150 ml of methylene chloride. The whole organic phase 
was successively washed with a saturated NaHCOs solution and a saturated salt solution, and dried with anhydrous 
Na2S04. The solvent was distilled off under reduced pressure, and the residue was separated by silica gel chromatog- 

35 raphy (developed with hexane), to obtain 1 9.7 g of the aimed product (mixture of two kinds of isomers) as a light yellow 
liquid (yield: 73%). 

The physical properties of the product obtained are as follows. 

NMR (CDCI3. 90 MHz): 
40 6 = 1 .20 (t, J = 7.6 Hz. 3H. CH3); 
2.49 (q. J = 7.6 Hz, 2H); 
3.41 (s. 2H); 

6.61,6.72 (each bs, total 1H); 
7.09-8.01 (m, 8H) 

45 

Syntiiesis of dimQthylsilyl-bis(2-ethvl-4-phenyiindene) 

To a 500-ml three-necked round flask (equipped with a stirrer tip, a Zimroth condenser, a dropping funnel and a 
thermometer) were fed 1 5 g (68.4 mmol) of 2-ethyl-4-pheny!irKlene, 240 mg (1 .89 mmol) of copper thiocyanate and 1 50 

so ml of anhydrous ether. Then, 47.1 ml (75.3 mmol) of a hexane solution of n-butyllithium having a concentration of 1.6 
M was dropwise added slowly to the system while cooling with ice in a nitrogen atmosphere. After the addition was com- 
pleted, the temperature of the system was raised to room temperature to perform reaction for another 1 hour. Then, to 
the reaction mixture was dropwise added slowly a solution obtained by 4.56 ml (37.8 mnnol) of dimethyldichlorosilane 
in 13.5 ml of anhydrous ether. After the addition was completed, the mixture was further reacted for 12 hours at room 

55 temperature. The reaction mixture was filtered with Celite, and the filtrate was poured in 1 50 ml of saturated ammonium 
chloride water. After the organic phase was separated, the aqueous phase was extracted with 150 ml of ether. The 
whole organic phase was washed with a saturated salt solution, and dried with anhydrous Na2S04. The solvent was 
distilled off under reduced pressure, and the residue was separated by silica gel chromatography (developed with hex- 
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ane hexane/methytene chloride (20/1. by parts by volume)), to obtain 13.5 g of the aimed product (mixture of two 
idnds of isomers) as a light yellow solid (yield: 80 %). 

The physical properties of the product obtained are as follows. 

5 NMR {CDCI3. 90 MHz): 

6 = -0.23. -0.17 (each s. total 6H, Si-CHg); 

1.12, 1.19 (each t, each J = 7.4 Hz, 

total 6H, CH3); 

2.44 (bq. J = 7.4 Hz. 4H); 
10 3.81 (s. 2H, 



-CH-Si) ; 



6.75 (bs. 2H, 3-H-lnd): 
6.88 - 7.74 (m.16H) 

20 

Synthesis of rac<limethvlsllvl-bisf2-ethvl-4-phenvlindenvl)zirconium dichloride 

To a 200-ml three-necked round flask (equipped with a stirrer tip. a ball condenser, a dropping funnel and a ther- 
mometer) were fed 2.52 g (5.07 mmol) of dimethylsilyl-bis(2-ethyl-4-phenylindene) and 51 ml of anhydrous ether in an 

25 argon atmosphere. Then, 6.75 ml (10.68 mmol) of a hexane solution of n-butyllithium having a concentration of 1 .58 M 
was dropwise added slowly to the system at room temperature. After the addition, the resulting mixture was further 
reacted for 13.5 hours. The reaction solution was cooled in a dry ice-acetone bath to -70 '*C. and thereto was slowly 
added 1 . 1 85 g (5.07 mmol) of a ZrCU powder. After the addition was completed, the mixture was left overnight with stir- 
ring. Then, the solvent was distilled off at room temperature under reduced pressure. After addition of 90 ml of methyl- 

30 ene chloride, the insolubles were filtered and the filtrate was concentrated at room tenrperature to give a solid. The solid 
was filtered, then washed twice with 5 ml of anhydrous ether, and dried under reduced pressure to obtain 0.68 g of the 
aimed product as an orange-yellow solid (yield: 20 %). 

The physical properties of the product obtained are as follows. 

35 NMR (CDCI3. 90 MHz): 

6 = 1.09 (t, J = 7.3 Hz. 6H, CH3); 

1.34 (s,6H, Si-CHa); 

2.46 (quin. J = 7.3 Hz, 2H); 

2.73 (quin. J = 7.3 Hz, 2H); 
40 6.96 (s, 2H, 3-H-lnd); 

6.99 - 7.88 (m.16H) 

Polymerization 

45 To a 100-liter stainless steel polymerizer was fed 50 liters of toluene in a nitrogen atmosphere, and the system was 
cooled to 0 **C. Then, propylene and hydrogen were fed to the system for 2 hours at feed rates of 4 Nm^/hr and 400 
Nl/hr, respectively, to saturate the system sufficiently. After the feed rate of propylene was reduced to 2 Nm^/hr, to the 
system were added 15.0 mmol of triisobutylaluminum, 30.0 mmol (in terms of Al atom) of methylaluminoxane and 0.10 
mmol (in terms of Zr atom) of rac-dlmethylsilyl-bis(2-ethyl-4-phenylindenyl)zirconium dichloride to perform polymeriza- 

50 tion for 1 hour while keeping the system at 0 "^C. The polymerization was terminated by adding 0.5 liter of methanol to 
the system. The resulting polymer suspension was allowed to stand for 6 hours while purging the system with nitrogen. 
Then, about a half amount of toluene was taken out by decantation, and the remaining polymer suspension was trans- 
ferred into a 200-liter reactor containing therein 0.1 liter of a hydrochloric acid and 60 liters of methanol, followed by stir- 
ring for 30 minutes. After the polymer suspension was allowed to stand and subjected to decantation. the suspension 

55 was again subjected to washing with 50 liters of methanol and decantation. Then, the polymer suspension was taken 
out from the bottom of the reactor, and the solvent was separated by filtration. The resulting polymer was dried at 100 
•C under high vacuum for one day. 

The amount of the propylene homopolymer [propylene polymer (7)] obtained was 1,950 g, and the polymerization 
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activity cx5rresponded to 19,500 g-PP/mmol-Zr. This polymer had of 0.68 dl/g, MFR of 900 g/10 min and Mw/Mn of 
2.02. In this polymer, the triad tacticity was 99.5 %, the proportion of the in^egulariy positioned units based on the 2,1 - 
insertion of the propylene monomer was 0. 1 1 %, and the proportion of the in'egularly positioned units based on the 1 ,3- 
insertion of the propylene monomer was below the detected lower limit (less than 0.03 %). 

5 

[Preparation of a propylene polymer (8)] 

The procedures of the polymerization and the post treatment for preparing the propylene polymer (7) described 
above were repeated except that the feed rate of hydrogen was varied to 90 Nl/hr. 
10 The amount of the propylene honrx)polymer [jpropylene polymer (8)] thus obtained con'esponded to 2,720 g, and the 
polymerization activity corresponded to 27,200 g-PP/mmol-Zr. This polymer had [v] of 3.25 dl/g, MFR of 0.75 g/10 min 
and Mw/Mn of 2.20. In this polymer, the triad tacticity was 99.6 %, the proportion of the irregularly positioned units 
based on the 2,1 -insertion of the propylene monomer was 0.16 %, and the proportion of the irregularly positioned units 
based on the 1 .3-insertion of the propylene monomer was below the detected lower limit (less than 0.03 %). 

15 

[Preparation of a propylene polymer (9)] 

The procedures of the polymerization and the post treatment for preparing the propylene pdymer (7) descrit>ed 
above were repeated except that the feed rate of hydrogen was varied to 120 Nl/hr. 
20 The amount of the propylene homopolymer [propylene polymer (9)] thus obtained was 3,350 g, and the polymeri- 
zation activity corresponded to 33,500 g-PP/mmol-Zr. This polymer had [r\] of 1.64 dl/g, MFR of 13.5 g/10 min and 
Mw/Mn of 2.03. In this polymer, the triad tacticity was 99.5 %, the proportion of the irregularly positioned units based on 
the 2.1 -insertion of the propylene monomer was 0.13 %, and the proportion of the in^egularly positioned units based on 
the 1 ,3-insertion of the propylene monomer was below the detected lower limit (less than 0.03 %). 

25 

[Preparation of a propylene polymer (1 0)] 

The procedures of the polymerization and the post treatment for preparing the propylene polymer (4) described 
above were repeated except that the addition amount of hydrogen was varied to 45 liters. 
30 The amount of the propylene homopolymer [propylene polymer (1 0)] thus obtained was 1 ,930 g, and the polymer- 
ization activity con-esponded to 38,600 g-PP/mmol-Ti. This polymer had [n] of 1.75 dl/g, MFR of 15 g/10 min, Mw/Mn 
of 5.0 and a boiling heptane extraction residue proportion (I.L) of 98.8 %. 

[Preparation of a propylene polymer (1 1)] 

35 

The procedures of the polymerization and the post treatment for preparing the propylene polymer (7) described 
above were repeated except that the feed rate of hydrogen was varied to 350 Nl/hr. 

The amount of the propylene homopolymer [propylene polymer (1 1)] thus obtained was 2.060 g, and the polymer- 
ization activity corresponded to 20,600 g-PP/mmol-Zr. This polymer had [t|] of 0.72 di/g, MFR of 670 g/10 min and 
40 Mw/Mn of 1 .95. In this polymer, the triad tacticity was 99.5 %, the proportion of the irregularly positioned units based on 
the 2,1 -insertion of the propylene monomer was 0. 1 4 %, and the proportion of the inregutarly positioned units based on 
the 1 .3-insertion of the propylene monomer was below the detected lower limit (less than 0.03 %). 

[Preparation of a propylene polymer (12)] 

45 

To a 100-liter stainless steel polymerizer was fed 50 liters of toluene, and the system was cooled to 0 ""C. Then, pro- 
pylene, ethylene and hydrogen were fed to the system for 2 hours at feed rates of 4 Nm^/hr, 2 Nm^/hr and 10 Nl/hr. 
respectively, to saturate the system sufficiently. The feed rates of propylene and ethylene were reduced to 1 Nm^/hr and 
300 Nl/hr, respectively, and the system was allowed to stand for 1 hour. Then, to the system were added 8.0 mmol of 

so triisobutylaluminum, 1 2.0 mmol (in terms of Al atom) of methylaluminoxane and 0.040 mmol On terms of Zr atom) of rac- 
dimethylsilyl-bis(2-ethyl-4-phenylindenyl)zirconium dichloride, to perform polymerization for 1 hour while keeping the 
system at 0 ""C. The termination of the polymerization and the post treatment were carried out in the same manner as 
deserved for the propylene polymer (7). 

The amount of the propylene copolymer [jpropylene polymer (12)] thus obtained was 1 ,550 g, and the polymeriza- 

55 tion activity corresponded to 38,700 g-polymer/mmol-Zr. This polymer had [n] of 0.68 dl/g. MFR of 950 g/10 min and 
Mw/Mn of 2.33, and contained constituent units derived from ethylene in an amount of 5.1 % by mol. In this polymer, 
the triad tacticity was 99.2 %, the proportion of the in-egutarly positioned units based on the 2,1 -insertion of the propyl- 
ene monomer was 0.08 %, and the proportion of the irregularly positioned units based on the 1, 3-insertion of the pro- 
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pylene monomer was below the detected lower limit (less than 0.03 %). 
[Preparation of a propylene polymer (13)] 

5 To a 1 00-liter stainless steel polymerizer was fed 35 liters of toluene, and the system was cooled to 0 *C. Then, pro- 
pylene and ethylene were fed to the system for 2 hours at feed rates of 4 Nm^/hr and 2 Nm^/hr. respectively, while 
adjusting the pressure in the system at 2.5 kg/cm^-G. so as to saturate the system sufficiently. The feed rates of propyl- 
ene and ethylene were reduced to 1 Nm^/hr and 300 Nl/hr. respectively, and the system was allowed to stand for 1 hour. 
Then, to the system were added 5.0 mmol of triisobutylaluminum, 10.0 mmol fin terms of Al atom) of methylaluminox- 

10 ane and 0.010 mmol (in terms of Zr atom) of rac<Jimethylsilyl-bis(2-ethyl-4-phenylindenyl)zirconium dichloride, to per- 
form polymerization for 1 hour at 0 ""C white adjusting the pressure in tiie polymerizer at 2.5 kg/cm^-Q. After the 
polymerization was terminated by methanol, tiie pressure in the system was released, and the system was purged witii 
nitrogen. The post treatment was carried out in the same manner as described for the propylene polymer (7). 

The amount of the propylene copolymer [propylene polymer (13)] thus obtained was 1,310 g, and the polymeriza- 

75 tion activity con'esponded to 13,100 g-polymer/mmol-Zr. This polymer had [r\] of 3.10 dl/g, MFR of 0.72 g/10 min and 
Mw/Mn of 2.3, and contained constituent units derived from ethylene in an amount of 5.6 % by mol. In this polymer, the 
triad tacticity was 99.3 %, the proportion of the irregularly positioned units based on the 2,1 -insertion of tiie propylene 
monomer was 0.13 %, and the proportion of tiie in-egularly positioned units based on tiie 1 .S-insertion of the propylene 
monomer was below the detected lower limit (less than 0.03 %). 

20 

[Preparation of a propylene polymer (14)] 

The procedures of the polymerization and the post treatment for preparing the propylene polymer (12) described 
above were repeated except tiiat hydrogen was not used. 

25 The amount of the propylene copolymer [jpropytene polymer (1 4)] thus obtained was 1 ,750 g, and the polymeriza- 
tion activity corresponded to 17,500 g-polymer/mmol-Zr. This polymer had [vi of 1.67 dl/g, MFR of 9.5 g/10 min and 
Mw/Mn of 2.10, and contained constituent units derived from ethylene in an amount of 5.6 % by mol. In tiiis polymer, 
the triad tacticity was 99.2 %, the proportion of the irregularly positioned units based on the 2,1 -insertion of the propyl- 
ene monomer was 0.1 1 %, and the proportion of tiie irregularly positioned units based on the 1,3-insertion of the pro- 

30 pylene monomer was below the detected lower limit (less than 0.03 %). 

[Preparation of a soft polymer (ethylene/propylene random copolymer)] 
Preparation of a solid titanium catalyst component 

35 

23.8 g of anhydrous magnesium chloride, 122 ml of decane and 116.1 g of 2-ethylhexyl alcohol were together 
heated at 130 ''C for 2 hours to give a homogeneous solution. To the solution was added 5.72 ml of ethyl benzoate. The 
resulting homogeneous solution was dropwise added to 1 liter of titanium tetrachloride kept at -20 ''C over a period of 
20 minutes with stirring, and tiie resulting solution was further stirred for 1 hour at -20 "C. Then, the temperature of tiie 

40 solution was slowly raised. When the temperature of tiie solution reached 80 ""C, 1 2.2 ml of ethyl benzoate was further 
added to tiie solution, and the mixture was stirred for 2 hours at 80 ""C. 

After tiie reaction was completed, the solid material was collected by filtration. The solid material was resuspended 
in 1 liter of titanium tetrachloride, and tiie suspension was stinted for 2 hours at 90 ""C. The solid material was again col- 
lected by filtration and washed suff icientiy witii purified hexane until any titanium compound liberated in tiie washing liq- 

45 uid was not detected. 

The solid titanium catalyst component tiius obtained contained titanium, chlorine, magnesium and ethyl benzoate 
in amounts of 3.7 % by weight, 59 % by weight, 1 7 % by weight and 1 5 % by weight, respectively. 

Polymerization 

50 

In a 1 5-liter stainless steel polymerizer equipped witii a stirrer, copolymerization of etiiylene and propylene was car- 
ried out. 

To the polymerizer were continuously fed, through tiie top thereof, hexane as a polymerization solvent at a feed rate 
of 3 l/hr, a hexane slunry of the solid titanium catalyst component obtained above (0.15 mmol/l in terms of titanium atom) 
55 at a feed rate of 1 l/hr, a hexane solution of triethylaluminum (15 mmd/l) at a feed rate of 0.5 l/hr and a hexane solution 
of ethyl benzoate (5 mmol/l) at a feed rate of 0.5 l/hr. Furtiier, to the polymerizer were continuously fed. through the top 
thereof, ethylene at a feed rate of 90 l/hr and propylene at a feed rate of 270 l/hr, and was also continuously fed hydro- 
gen so that the hydrogen concentration in the gas phase of tiie polymerizer was 2.3 %. 
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On the other hand, the polymer solution was continuously drawn out from the bottom of the polymerizer so that the 
amount of the polymer solution in the polymerizer was 5 liters. 

The copolymerization was carried out at 80 ''C by circulating warm water within a jacket equipped on the outside of 
the polymerizer. The pressure in the polymerizer was 6.5 kg/cm^-G. 
5 To the polymer solution drawn out from the polymerizer was added a small amount of methanol to terminate the 
polymerization reaction. The polymer solution was subjected to steam stripping to separate the polymer from the sol- 
vent, and the polymer was dried at 80 "^C under reduced pressure for one day. 

Through the above operation, an ethylene/propylene random copolymer (EPR-1) was obtained In an amount of 235 

g/hr. 

10 The ethylene/jsropylene random copolymer (EPR-1) contained constituent units derived from ethylene in an 
amount of 42 % by moi. and had [ri] of 2.7 dl/g. 

[Preparation of an ethylene^ropylene random copolymer (EPR-2)] 

75 In a 1 5-liter autoclave equipped with a stirrer, copolymerization of ethylene and propylene was carried out. 

To the polymerizer were fed, through the top thereof, 2.4 liters of dehydrated and purified hexane, 3.3 kg of propyl- 
ene, 0.72 ml oif a toluene solution of methylaiuminoxane (1 .3 mg • atom/ml in terms of aluminum atom) and 7.7 ml of a 
hexane solution of triisobutylaluminum (1 mmol/ml). 

After the temperature of the system was raised to 37 ^'C. ethylene was fed to the system so that the total pressure 
20 was 14 t^cm^, and 2.4 ml of a toluene solution of bis(1,3-dimethylcyclopentadienyl)zirconium dichloride (0.004 
mmol/ml) was fed to the system using a pressure equalizing tube. The polymerisation was performed for 1 hour with 
keeping the temperature at 37 ^'C and the total pressure at 14 kg/cm^. After release of pressure, the polymer solution 
was taken out and dried. An yield of the resulting polymer was 320 g. 

The ethylene/propylene random copolymer (EPR-2) thus obtained contained constituent units derived from ethyl- 
25 ene in an amount of 43 % by mol, and had [t^] of 2.8 dl/g. 

[Synthesis of an ethylene/propylene random copolymer (EPR-3)] 

In a 2-liter autoclave equipped with a stirrer, copolymerization of ethylene and propylene was carried out. 

30 In detail, to the autoclave were fed, through the top thereof, 0.9 liter of dehydrated and purified hexane. 1 ml of a 
hexane solution of triisobutylaluminum (1 mmol/ml) and 0.27 ml of a toluene solution of methylaiuminoxane (0.9 
mmol/ml in terms of Al atom). After the temperature of the system was raised to 50 °C, propylene was fed to the system 
so that the total pressure was 3.8 l^cm^-G. and ethylene was further fed to the system so that the total pressure was 
8 kg/cm^-G. Then, to the system was added 0.0008 mmol (in terms of zirconium) of rac-dimethylsilyl-bis(2-ethyl-4-phe- 

35 nyllndenyt)zirconium dichloride to perform polymerization for 30 minutes with keeping the temperature at 50 ""C and the 
total pressure at 8 kg/cm^. After release of pressure, the polymer solution was added to a large amount of methanol. 
The resulting polymer was taken out and dried at 130 *>C for 12 hours under reduced pressure. 

An yield of the ethylene^i^ropylene random copolymer (EPR-3) thus obtained was 49.6 g. This copolymer contained 
constituent units derived from ethylene in an amount of 39 % by mol, and had [n] of 3.1 dl/g and MFR of 0.4 g/10 min. 

40 

[Synthesis of an ethylene/propylene random copolymer (EPR-4)] 

An ethylene/propylene random copolymer (EPR-4) was synthesized by a conventional ethylene/propylene copoly- 
merization process using a VO(OC2H5)Cl2-(C2H5)^ sAICI^ 5 catalyst. 
45 The ethylene/propylene random copolymer (EPR-4) thus obtained had [v] of 2.4 dl/g and MFR of 0.6 g/1 0 min, and 
contained constituent units derived from ethylene in an amount of 81 % by mol. 

[Synthesis of an ethylene/propylene random copolymer (EPR-5)] 

so In a 2-liter autoclave equipped with a stirrer, copolymerization of ethylene and propylene was carried out. 

In detail, to the polymerizer were fed, through the top thereof, 1 liter of dehydrated and purified hexane, 1 1 Nl of 
propylene in the form of a gas, 0.85 ml of a hexane solution of triisobutylaluminum (1 mmol/ml) and 0.13 ml of a toluene 
solution of methylaiuminoxane (1 .2 mmol/ml in terms of Al atom). After the temperature of the system was raised to 80 
**C, ethylene was fed to the system so that the total pressure was 8 kg/cm^-G. Then, to the system was added 0.0005 

55 mmol (in terms of Zr atom) of rac<iimethylsilyl-bis(2-ethyl-4-phenylindenyl)zirconium dichlorkie to perform polymeriza- 
tion for 30 minutes with keeping the temperature at 80 ^'C and the total pressure at 8 kg/cm^-G. After release of pres- 
sure, the polymer solution was added to a large amount of methanol. The resulting polymer was taken out and dried at 
130 °C for 12 hours under reduced pressure. 
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An yield of the ethyleney|propylene random copolymer (EPR-5) thus obtained was 58.4 g. This copolymer contained 
constituent units derived from ethylene In an amount of 79 % by mol. and had [vi of 2.2 dl/g and MFR of 0.7 g/10 min. 

[Synthesis of an ethylene/1 -butene random copolymer (EBR-1)] 

In a 2-liter autoclave equipped with a stirrer, copolymerization of ethylene and 1 -butene was carried out. 

In detail, to the polymerizer were fed, through the top thereof, 1 liter of dehydrated and purified hexane, 55 ml of 1 - 
butene, 0.85 ml of a hexane solution of triisobutylaluminum (1 mmol/ml) and 0.13 ml of a toluene solution of methylalu- 
minoxane (1 .2 mmol/ml in terms of Al atom). After the temperature of the system was raised to 90 ^C, ethylene was fed 
to the system so that the total pressure was 8 kg/cm^-G. Then, to the system was added 0.0005 mmol (in terms of Zr 
atom) of rac<Iimethylsilyl-bis(2-ethyl-4-pheny!indenyl)zirconium dichloride to perform polymerization for 20 minutes 
with keying the temperature at 90 °C and the total pressure at 8 kg/cm^-G. After release of pressure, the polymer solu- 
tion was added to a large amount of methanol. The resulting polymer was taken out and dried at 130 "C for 12 hours 
under reduced pressure. 

An yiekl of the ethylene/1 -butene random copolymer (EBR-5) thus obtained was 52.8 g. This copolymer contained 
constituent units derived from ethylene in an amount of 82 % by mol, and had [ii] of 2.3 dl/g and MFR of 0.6 g/10 min. 

(Synthesis of ethylene polymers (PE-1) and (PE-2)] 

Ethylene polymers (PE-1 ) and (PE-2) were synthesized by a conventional ethylene copdymerisation process using 
a combined catalyst of MgCl2-supported Ti catalyst-trlethylaluminum. 

The ethylene polymer (PE-1) had [i]] of 1 .20 dl/g, MFR of 29 g/10 min and Mw/Mn of 4.1 . 
The ethylene polymer (PE-2) had [r\] of 2. 1 1 dt/g, MFR of 1 .3 g/1 0 min and Mw/Mn of 4.8. 

Example 1 

A propylene polymer composition consisting of 40 % by weight of the propylene polymer (1) and 60 % by weight of 
the propylene polymer (2) prepared by the above polymerization was molded into ASTM specimens by means of an 
injection molding machine under the conditions of a resin temperature of 200 ''C and a mold temperature of 40 ""C, to 
measure the physical properties. 

The results are set forth In Table 1 . 

Comparative Example 1 

The propylene polymer (3) prepared by the above polymerization was molded into ASTM specimens in the same 
manner as described in Example 1 , to measure the physical properties. 
The results are set forth in Table 1 . 

Comparative Example g 

A propylene polymer composition consisting of 40 % by weight of the propylene polymer (4) and 60 % by weight of 
the propylene polymer (5) prepared by the above polymerization was molded into ASTM specimens in the same man- 
ner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 1 . 



Table 1 





Ex.1 


Comp.Ex. 1 


Comp.Ex. 2 


Propylene polymer (1) 


40 






Propylene polymer (2) 


60 






Propylene polymer (3) 




100 




Propylene polymer (4) 






40 


Propylene polymer (5) 






60 


MFR (g/10 min) 


20 


31 


18 
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Table 1 (continued) 





Ex. 1 


Comp.Ex. 1 


Comp.Ex. 2 


FM (kg/cm2) 


15,000 


11,100 


19,500 


IZ(23*»C) (kg -0111/011) 


2 


2 


2 


EL(%) 


420 


340 


30 


HDT (load: 4.6kg)(»C) 


110 


94 


117 



Example 2 

A propylene polymer composition consisting of 40 parts by weight of the propylene polymer (1), 60 parts by weight 
of the propylene polymer (2) and 20 parts by weight of the soft polymer (EPR-1) prepared by the above polymerization 
was molded Into ASTM specimens in the same manner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 2. 

Comparative Example 3 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (3) and 20 parts by 
weight of the soft polymer (EPR-1) prepared by the above polymerization was molded into ASTM specimens in the 
same manner as described in Example 1 . to measure the physical properties. 

The results are set forth in Table 2. 

Comparative Example 4 

A propylene polymer composition consisting of 40 parts by weight of the propylene polymer (4), 60 parts by weight 
of the propylene polymer (5) and 20 parts by weight of the soft polymer (EPR-1) prepared by the above polymerization 
was molded into ASTM specimens in the same manner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 2. 



Table 2 





Ex.2 


Comp.Ex. 3 


Comp.Ex. 4 


Propylene polymer (1) 


40 






Propylene polymer (2) 


60 






Propylene polymer (3) 




100 




Propylene polymer (4) 






40 


Propylene polymer (5) 






60 


Soft polymer 


20 


20 


20 


MFR(g/10min) 


15 


25 


12 


FM(kg/cm2) 


11.000 


9,100 


13.000 


IZ(23«C) (kg -cm/cm) 


35 


37 


12 


EL(%) 


720 


740 


180 


HDT (load: 4.6kg)C»C) 


95 


88 


110 



Example 3 

A propylene polymer composition consisting of 50 % by weight of the propylene polymer (4) and 50 % by weight of 
the propylene polymer (5) prepared by the above polymerization was molded into ASTM specimens in the same man- 
ner as described in Example 1 . to measure the physical properties. 

The results are set forth in Table 3. 
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Comparative Example 5 

A propylene polymer composition consisting of 50 % by weight of the propylene polymer (4) and 50 % by weight of 
the propylene polymer (5) prepared by the above polymerization was molded into ASTM specimens in the same man- 
5 ner as described in Example 1 , to measure the physical properties. 
The results are set forth In Table 3. 



Table 3 





Ex.3 


Comp. Ex. 5 


Propylene polymer (4) 


50 


50 


Propylene polymer (2) 


50 




Propylene polymer (5) 




50 


MFR (g/10 min) 


15 


15 


FM (kg/cm2) 


18,000 


19,000 


IZ(23«C) (kg •cm/cm) 


2 


2 


EL(%) 


180 


28 


HDT (load: 4.6 kg) CC) 


115 


115 



25 Example 4 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (4), 50 parts by weight 
of the propylene polymer (2) and 20 parts by weight of the soft polymer (EPR-1) prepared by the above polymerization 
was molded into ASTM specimens in the same manner as described In Example 1 . to measure the physical properties. 

30 The results are set forth In Table 4. 

Comparative gyamplee 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (4), 50 parts by weight 
35 of the propylene polymer (5) and 20 parts by weight of the soft polymer (EPR-1) prepared by the above polymerization 
was molded Into ASTM specimens in the same manner as described in Example 1 , and to measure the physical prop- 
erties. 

The results are set forth In Table 4. 

40 

Table 4 





Ex.4 


Comp. Ex. 6 


Propylene polymer (4) 


50 


50 


Propylene polymer (2) 


50 




Propylene polymer (5) 




$0 


Soft polymer 


20 


20 


MFR (g/10 min) 


12 


15 


FM (kg/cm^) 


12.500 


13.000 


IZ(23«C) (kg • cm/cm) 


30 


12 


EL(%) 


400 


180 


HDT Ooad: 4.6 kg) CO 


95 


105 
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Example 5 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (6) and 20 parts by 
weight of the ethylene/^Dropylene random copolymer (EPR-2) prepared by the above polymerization was molded into 
ASTM specimens in the same manner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 5. 

Comparative Example 7 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (6) and 20 parts by 
weight of the ethylene/propylene random copolymer (EPR-1) prepared by the above polymerization was molded into 
ASTM specimens in the same manner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 5. 



Table 5 





Ex.5 


Comp. Ex. 7 


Propylene polymer (6) 


100 


100 


EPR-2 


20 




EPR-1 




20 


MFR (g/10 min) 


17 


17 


FM (kg/cm^) 


13,100 


13,300 


IZ(23*C) (kg -cm/cm) 


18 


12 


IZ (-SO^C) (kg •cm/cm) 


8 


3 


EL(%) 


350 


250 


HDT (load: 4.6 kg) (X) 


95 


95 



Examples 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (7) and 50 parts by 
weight of the propylene polymer (8) prepared by the above polymerization was molded into ASTM specimens in the 
same manner as described In Example 1, to measure the physical properties. 

The results are set forth in Table 6. 

Comparative Example 8 

The propylene polymer (9) prepared by the above polymerization was molded into ASTM specimens in the same 
manner as described in Example 1 , to measure the physical properties. 
The results are set forth in Table 6. 



Tables 





Ex.6 


Comp. Ex. 8 


Propylene polymer (7) 


50 




Propylene polymer (8) 


50 




Propylene polymer (9) 




100 


MFR (g/10 min) 


12.3 


13.5 


FM (kg/cm2) 


18.200 


17.000 


IZ (23*0) (kg •cm/cm) 


2.1 


3.4 
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Table 6 (contiaied) 





Ex.6 


Comp. Ex. 8 


EL(%) 

HDT (load: 4.6 kg) TO 


380 
128 


340 
125 



Example 7 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (12) and 50 parts by 
weight of the propylene polymer (13) prepared by the above polymerization was molded into ASTM specimens in the 
same manner as desaibed In Example 1 , to measure the physical properties. Further, a film was produced from the 
above composition under the following conditions, to measure the haze. 

The film (width: 30 cm, thickness: 50 iirn) was produced by means of a single-screw extruder having a diameter of 
30 mm equipped with a T-die under the conditions of a cooling roll temperature of 25 ''C and a take-up rate of 3 mAnin. 

The results are set forth In Table 7. 

Comparative Example 9 

The propylene polymer (14) prepared by tiie above polymerization was mokled Into ASTM specimens, to measure 
the physical properties. 

The results are set forth in Table 7. 



Table 7 





Ex.7 


Comp. Ex. 9 


Propylene polymer (12) 


50 




Propylene polymer (13) 


50 




Propylene polymer (14) 




100 


MFR (g/10 min) 


13.0 


9.5 


FM (kg/cm^) 


8,200 


7.700 


IZ(23*C) (kg -cm/cm) 


4.0 


4.6 


EL(%) 


440 


480 


Film haze (%) 


0.7 


2.0 



Example 9 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (4) and 50 parts by 
weight of the propylene polymer (11) prepared by the above polymerization was molded Into ASTM specimens In tiie 
same manner as described in Example 1 . to measure tiie physical properties. 

The results are set forth In Table 8. 

Comparative Example 10 

A propylene polymer conposition consisting of 50 parts by weight of tiie propylene polymer (4) and 50 parts by 
weight of tiie propylene polymer (5) prepared by the above polymerization was molded into ASTM specimens In tiie 
same manner as described in Example 1 . to measure tiie physical properties. 

The results are set forth In Table 8. 
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Table 8 





Ex.8 


Comp. Ex. 10 


Propylene polymer (4) 


50. 


$0 


Propylene polymer (1 1) 


50 


- 


Propylene polymer (5) 




50 


MFR (g/10 min) 


16 


15 


FM (kg/cm?) 


19.000 


19.000 


IZ (23^0) (kg -cm/cm) 


2 


2 


EL(%) 


280 


28 


HDT (load: 4.6 kg) {^C) 


118 


115 



Example 9 

A propylene polymer composition consisting of 50 parts by w^ght of the propylene polymer (7), 50 parts by weight 
of the propylene polymer (8) and 20 parts by weight of the ethylene/propylene random copolymer (EPR-1) prepared by 
the above polymerization was molded into ASTM specimens in the same manner as described in Exanrple 1 . to meas- 
ure the physical properties. 

The results are set forth in Table 9. 

Exgpiple 1Q 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (7), 50 parts by weight 
of the propylene polymer (8). 10 parts by weight of the ethylene/propylene random copolymer (EPR-3) and 10 parts by 
weight of the ethylene^jropylene random copolymer (EPR-5) prepared by the above polymerization was nrolded into 
ASTM specimens in the same manner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 9. 



Table 9 





Ex.9 


Ex.10 


Propylene polymer (7) 


50 


50 


Propylene polymer (8) 


50 


50 


EPR-1 


20 




EPR-3 




10 


EPR-5 




10 


MFR (g/10 min) 


9.1 


9.1 


FM (kQ/cm^ 


12,800 


13.600 


IZ (23*^0) (kg -cm/cm) 


38 


34 


EL(%) 


720 


560 


HDT (load: 4.6 1^) (°C) 


98 


104 



Example 11 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (1 2). 50 parts by weight 
of the propylene polymer (13) and 20 parts by weight of the ethylene/propylene random copolymer (EPR-1) prepared 
by the above polymerization was molded into ASTM specimens in the same manner as described in Example 1. to 
measure the physical properties. Further, a film was produced from the above composition in the same manner as 
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described in Example 7, to measure the haze. 
The results are set forth in Table 1 0. 

Comparative Example 11 

5 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (14) and 20 parts by 
weight of the ethylene/propylene random copolymer (EPR-I) prepared by the above polymerization was molded into 
ASTM specimens in the same manner as described in Example 1 , to measure the physical properties. Further, a film 
was produced from the above composition in the same manner as described in Example 7, to measure the haze. 
10 The results are set forth in JatoUe 1 0. 



Table 10 





Ex. 11 


Comp. Ex. 1 1 


Propylene polymer (12) 


50 




Propylene polymer (13) 


50 




Propylene polymer (14) 




100 


EPR-1 


20 


20 


I^FR(g/10min) 


13.0 


7.2 


FM (kg/cm2) 


6.200 


5.600 


IZ (23«C) (kg •cm/cm) 


38 


46 


EL(%) 


520 


540 


Film haze (%) 


0.7 


2.0 



30 Example 12 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (4), 50 parts by weight 
of the propylene polymer (1 1) and 20 parts by weight of the ethylene/propylene random copolymer (EPR-1) prepared 
by the above polymerization was molded Into ASTM specimens in the same manner as described in Example 1. to 
35 measure the physical properties. 

The results are set forth in Table 1 1 . 



Table 11 





Ex. 12 


Comp. Ex. 6 


Propylene polymer (4) 


50 


50 


Propylene polymer (11) 


50 




Propylene polymer (5) 




50 


EPR-1 


20 


20 


MFR(g/10min) 


12 


15 


FM(kg/cm2) 


13.000 


13.000 


12 (23»C) (kg •cm/cm) 


28 


12 


EL(%) 


430 


180 


HDT(load: 4.6kg)(<»C) 


97 


105 



55 

Example 13 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (7). 50 parts by weight 
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of the propylene polymer (8). 10 parts by weight of the ethylene/propylene random copolymer (EPR-1) and 10 parts by 
weight of the ethylene polymer (PE-1 ) prepared by the above polymerization was molded into ASTM specimens in the 
same manner as described in Example 1 . to measure the physical properties. 
The results are set forth in Table 12. 

Example 14 

A propylene polymer composition consisting of 50 parts by weight of the propylene polymer (7). 50 parts by weight 
of the propylene polymer (8). 1 0 parts by weight of the ethylene/|propylene random copolymer (EPR-3) and 10 parts by 
weight of the ethylene polymer (PE-2) prepared by the above polymerization was molded into ASTM specimens In the 
same manner as described in Example 1 . to measure the ph^cal properties. 

The results are set forth in Table 12. 



Table 12 





Ex. 13 


Ex. 14 


Propylene polymer (7) 


50 


50 


Propylene polymer (8) 


50 


50 


EPR-1 


15 




EPR-3 




15 


PE-1 


10 




PE-2 




10 


MFR (g/IOmin) 


9.7 


9.5 


FM (kg/cm^) 


13.900 


13.800 


IZ (23*»C) (kg -cm/cm) 


35 


37 


EL(%) 


440 


480 


HDT(load: 4.6 kg) CO 


105 


10 



Example 15 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (9) and 25 parts by 
weight of the ethylene/propylene random copolymer (EPR-1) prepared by the above polymerization was molded into 
ASTM specimens In the same manner as described in Example 1. to measure the physical properties. 

The results are set forth in Table 13. 

Example 16 

A propylene polymer composition consisting of 1 00 parts by weight of the propylene polymer (9), 20 parts by weight 
of the ethylene/propylene random copolymer (EPR-1), both prepared by the above polymerization, and 15 parts by 
weight of a filler (talc) was molded into ASTM specimens in the same manner as described in Example 1, to measure 
the physical properties. 

The results are set forth in Table 13. 

Example 17 

A propylene polymer composition consisting of 1 00 parts by weight of the propylene polymer (9), 1 0 parts by weight 
of the ethylene^ropylene random copolymer (EPR-3). 10 parts by weight of the ethylene/1 -butene random copolymer 
(EBR-1 ). all prepared by the above polymerization, and 1 5 parts by weight of a filler (talc) was molded Into ASTM spec- 
imens in the same manner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 13. 
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Table 13 





Ex. 15 


Ex. 16 


Ex. 17 


Propylene polymer (9) 


100 


100 


100 


EPR-1 


25 


20 


10 


EBR-1 


- 


- 


10 


Filler (talc) 




15 


15 


MFR(g/10min) 


9.0 


9.8 


10.3 


FM (kg/cm2) 


11.800 


15,800 


18,800 


IZ (23'C) (kg -cm/cm) 


55 


44 


40 


EL(%) 


750 


310 


310 


HDT (load: 4.6 kg)(<»C) 


96 


125 


125 



20 Example 19 

A propylene polymer composition consisting of 1 00 parts by weight of the propylene polymer (9). 1 0 parts by weight 
of the ethylene^ropylene random copolymer (EPR-3) and 10 parts by weight of the ethylene^ropylene random copol- 
ymer (EPR-4) prepared by the above polymerization was molded into ASTM specimens in the same manner as 
25 described in Example 1 . to measure the physical properties. 

The results are set forth In Table 14. 

Example 19 

30 A propylene polymer composition consisting of 1 00 parts by weight of the propylene polymer (9), 1 0 parts by weight 
of the ethyleneyfc)ropylene random copolymer (EPR-3) and 10 parts by weight of the ethylene/jDropylene random copol- 
ymer (EPR-5) prepared by the above polymerization was molded into ASTM specimens in the same manner as 
desaibed in Exanrple 1 . to measure the physical properties. 
The results are set forth in Table 14. 

35 

CQmparatlvg Example 12 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (10) and 20 parts by 
weight of the ethylene/propylene random copolymer (EPR-1) prepared by the above polymerization was molded into 
40 ASTM specimens in the same manner as desaibed in Example 1 , to measure the physical properties. 
The results are set forth in Table 14. 



Table 14 





Ex. 18 


Ex. 19 


Conp.Ex.12 


Propylene polymer (9) 


100 


100 




Propylene polymer (10) 






100 


EPR-1 






20 


EPR-3 


10 


10 




EPR-4 


10 






EPR-5 




10 




MFR (g/10 min) 


10.2 


10.1 


10.4 


FM (kg/cm2) 


13,000 


12.700 


12.000 
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Table 14 (continued) 





Ex.18 


Ex. 19 


Comp.Ex.12 


IZ (23*^0 (kg •cm/cm) 


38 


35 


20 


EL(%) 


540 


560 


250 


HDT (load: 4.6 kg)(»C) 


102 


100 


95 



Example gQ 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (14) and 20 parts by 
weight of the ethylene/propylene random copolymer (EPR-1) prepared by the above polymerization was molded into 
ASTM specimens in the same manner as described in Example 1 , to measure the physical properties. 

The results are set forth in Table 15. 

Comparative Example 13 

The propylene polymer (1 4) prepared by the above polymerization was molded into ASTM specimens in the same 
manner as described in Example 1 . to measure the physical properties. 
The results are set Ibrth in Table 15. 



Table 15 





Ex.20 


Comp. Ex. 13 


Propylene polymer (14) 


100 


100 


EPR-1 


20 




MFR (g/IOmin) 


7.2 


9.5 


FM (kg/cm2) 


5.600 


7.700 


IZ (23'^C) (kg -cm/cm) 


46 


4.6 


EL(%) 


540 


480 



ExqmplQ 21 

A propylene polymer composition consisting of 1 00 parts by weight of the propylene polymer (9), 1 5 parts by weight 
of the ethyleney|Dropylene random copolymer (EPR-1) and 10 parts by weight of the ethylene polymer (PE-1) prepared 
by the above polymerization was molded into ASTM specimens in the same manner as described in Example 1, to 
measure the physical properties. 

The results are set forth In Table 16. 

Example 22 

A propylene polymer composition consisting of 1 00 parts by weight of the propylene polymer (9), 1 5 parts by weight 
of the ethylene/propylene random copolymer (EPR-3) and 10 parts by weight of the ethylene polymer (PE-2) prepared 
by the above polymerization was molded into ASTM specimens in the same manner as described in Example 1, to 
measure the physical properties. 

Tlie results are set forth in Table 16. 



Table 16 





Ex. 21 


Ex. 22 


Propylene polymer (9) 
EPR-1 


100 
15 


100 
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Table 16 (continued) 





Ex. 21 


Ex 22 


EPR-3 


- 


15 


PE-1 


10 


- 


PE-2 


- 


10 


MFR (g/IOmin) 


10.5 


10.1 


FM (kg/cm^) 


13.500 


13.200 


IZ (23°C) (kg -cm/cm) 


38 


40 


EL(%) 


480 


500 


HDT (load: 4.6 kg) (^C) 


101 


99 



Example 23 

A propylene polymer composition consisting of 100 parts by weight of the propylene polymer (6) and 20 parts by 
weight of the ethylene/k^ropylene random copolymer (EPR-3) prepared by the above polymerization was molded into 
ASTM specimens in the same manner as described in Example 1, to measure the physical properties. 

The results are set forth in Table 1 7. 



Table 17 





Ex. 23 


Propylene polymer (6) 


100 


EPR-3 


20 


MFR (g/IOmin) 


17 


FM (kg/cm2) 


13,600 


IZ(23*'C) (kg -cm/cm) 


18 


EL(%) 


340 


HDT (load: 4.6 kg) (»C) 


95 



Claims 

1 . A propylene polymer composition comprising: 

10 to 90% by weight of (A1) a propylene polymer which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymeriza- 
tion catalyst comprising: 

(i) (a) a compound of a Group IVB transition metal in the periodic table containing a ligand having a 
cyclopentadienyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoalumlnum oxy-compound, and 

(c) a compound which reacts with the transition metal compound (a) to form an ion pair, 

(2) the propylene polymer has a melt flow rate (MFR). as measured at 230''C under a toad of 2.16 kg. of 
0.01 to 30 g/10 min, and 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation 
chromatography (GPC). of 2 to 3; and 
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10 to 90% by weight of (A2) a propylene polymer which is characterized in that: 

(1) the propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymeriza- 
tion catalyst comprising: 

(i) (a) a compound of a Group IVB transition metal in the periodic table containing a ligand having a 
cydopentadienyl skeleton, and 

(ii) at least one compound selected from the group consisting of 

(b) an organoatuminum oxy-compound, and 

(c) a conpound which reacts with the transition metal compound (a) to form an ion pair. 

(2) the propylene polymer has a melt flow rate (MFR), as measured at 230''C under a load of 2.16 kg, of 
30 to 1 ,000 g/10 min, and 

(3) flie propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation 
chromatography (GPC), of 2 to 4; 

a ratio ((A2)/(A1)) of tiie MFR of said propylene polymer (A2) to tiie MFR of said propylene polymer (A1) being 
not less tiian 30. 

A propylene polymer composition comprising: 

the propylene polymer (A1) as defined in claim 1, in an amount of 10 to 90 parts by weight; 
the propylene polymer (A2) as defined in daim 1, in an amount of 10 to 90 parts by weight; and 
(B) a soft polymer in an amount of 3 to 30 parts by weight; 

the ratio ((A2)/(A1)) of the MFR of said propylene polymer (A2) to tiie MFR of said propylene polymer (A1) 
being not less than 30. 

A propylene polymer composition comprising: 

10 to 90% by weight of (A3) a propylene polymer which is characterized in that: 

(1) tiie propylene polymer is obtained by polymerizing propylene in tiie presence of an olefin polymeriza- 
tion catalyst comprising: 

(d) a solid titanium catalyst component, and 

(e) an organomelaltic compound catalyst component, 

(2) the propylene polymer has a melt flow rate (MFR). as measured at 230*'C under a load of 2.16 kg, of 
0.01 to 30 g/10 min. and 

(3) the propylene polymer has a molecular weight distritxjtion (Mw/Mn), as measured by gel permeation 
chromatography (GPC). of 4 to 15; and 

tiie propylene polymer (A2) as defined in daim 1, in an amount of 90 to 10% by weight. 

A propylene polymer composition comprising: 

tiie propylene polymer (A3) as defined in daim 3, in an amount of 10 to 90 parts by weight, 
the propylene polymer (A2) as defined in daim 1, in an amount of 90 to 10 parts weight; and 
(8) a soft polymer in an amount of 3 to 30 parts by weight. 

A propylene polymer composition comprising: 

50 to 97% by weight of (A4) a propylene polymer which is characterized in that: 

(1) tiie propylene polymer is obtained by polymerizing propylene in the presence of an olefin polymeriza- 
tion catalyst comprising: 
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(d) a solid titanium catalyst component, and 

(e) an organometalllc compound catalyst component, 

(2) the propylene polymer has a melt flow rate (MFR). as measured at 230X under a load of 2.16 kg. of 
0.01 to 50 g/IOmin, 

(3) the propylene polymer has a molecular weight distribution (Mw/Mn), as measured by gel permeation 
chromatography (GPC), of 4 to 15. and 

(4) the propylene polymer has a crystallinity, as measured by X-ray diffractometry, of not less than 50%; 
and 

30 to 50% by weight of (C) an ethylene/olefin random copolymer which is characterized in that: 

(1) the copolymer is obtained by copolymerizlng ethylene and at least one monomer selected from a-oie- 
f ins of 3 to 20 cart>on atoms and polyenes of 5 to 20 carbon atoms in the presence of an olefin polymeri- 
zation catalyst comprising: 

CO (f) a compound of a Group IVB transition metal in the periodic table containing a ligand having a 
cyclopentadienyl skeleton, 

(ii) at least one compound selected from the group consisting of 
(b) an organoaluminum oxy-compound, and 

(g) a compound which reacts with the transition metal compound (f) to form an ion pair. 

(2) the copolymer contains constituent units derived from ethylene in an amount of 20 to 80% by mol, and 

(3) the copolymer has an intrinsic viscosity [n], as measured in decalin at ISS'^C, of 1 .5 to 5 dl/g. 

A propylene polymer composition comprising: 

5 to 95% by weight of (A5) a propylene homopolymer which is obtained by polymerizing propylene in the pres- 
ence of an olefin polymerization catalyst comprising: 

(i) (h) a transition metal compound represented by the following formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-conrpound, and 
a compound which reacts with the transition metal compound (h) to form an Ion pair; and 

5 to 95% by weight of (A6) a propylene polymer which contains constituent units derived from propylene in an 
amount of not less than 90% by mol and is different from the propylene homopolymer (A5); 



wherein M is a transition metal of Group IVa, Group Va or Group Via of the periodic table; is a hydrocarbon 
group of 2 to 6 carbon atoms; is an aryl group of 6 to 1 6 carbon atoms which may be substituted with a hal- 
ogen atom or a hydrocarbon group of 1 to 20 cart)on atoms; and X^ are each a hydrogen atom, a halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon 





N / 

M 
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atoms, an oxygen*containing group or a sulfur-containing group; Y is a divalent hydrocarbon group of 1 to 20 
cart)on atoms, a divalent halogenated hydrocarbon group of 1 to 20 cartx)n atoms, a divalent silicon-containing 
group, a divalent germanium-containing group, a divalent tin-containing group, -0-, -CO-. -SO-. -SO2-. - 
NR®-, -P(R^)-, -P(0)(R'^)-, -BR^- or -All?- (R^ is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 
5 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 cartx)n atoms). 

7. A propylene polymer composition comprising: 

the propylene homopolymer (A5) as defined in claim 6. in an amount of 5 to 95% by weight; and 
10 5 to 95% by weight of (D) an olefin elastomer which is characterized in that: 

(1) the elastomer is a polymer or copolymer of at least one monomer selected from olefins of 2 to 20 car- 
bon atoms and polyenes of 5 to 20 carbon atoms, 

(2) the elastomer contains constituent units derived from ethylene, propylene, butene or 4-methyl-1-pen- 
15 tene in an amount of less than 90% by mol. and 

(3) the elastomer has a glass transition temperature (Tg) of not higher than lO^'C. 

8. A propylene polymer composition comprising: 

20 the propylene homopolymer (A5) as defined in claim 6. in an amount of 5 to 95% by weight; and 

5 to 95% by weight of (E) an olefin polymer which contains constituent units derived from one monomer 
selected from the group consisting of ethylene, butene and 4-methyt-1-pentene in an amount of not less than 
90% by mol. 

25 9. A propylene polymer composition comprising: 

the propylene homopolymer (A5) as defined in claim 6; 
the propylene polymer (A6) as defined in daim 6; and 
the olefin elastomer (D) as defined in claim 7; 
30 said propylene polymer composition containing the propylene honwpolymer (A5) in an amount of 5 to 95% by 

weight, the propylene polymer (A6) in an amount of not more than 95% by weight and the olefin elastomer (D) 
in an amount of not more than 95% by weight. 

10. A propylene polymer composition comprising: 

35 

the propylene homopolymer (A5) as defined in claim 6; 
the propylene polymer (A6) as defined in daim 6; and 
the olefin polymer (E) as defined in claim 8; 

said propylene polymer composition containing the propylene homopolymer (A5} in an amount of 5 to 95% by 
40 weight, the propylene polymer (A6) in an amount of not more than 95% by weight and the olefin polymer (E) in 

an amount of not more than 95% by weight. 

11. A propylene polymer composition comprising: 

45 the propylene homopolymer (A5) as defined in claim 6; 

the olefin elastomer (D) as defined in claim 7; and 
the olefin polym^ (E) as defined in claim 8; 

said propylene polymer composition containing the propylene homopolymer (A5) in an amount of 5 to 95% by 
weight, the olefin elastomer (D) in an amount of not more than 95% by weight and the olefin polymer (E) in an 
50 antount of not more than 95% by weight. 

12. A propylene polymer composition comprising: 

the propylene homopolymer (A5) as defined in claim 6; 
55 the pror^ene polymer (A6) as defined in daim 6; 

the olefin elastomer (D) as defined in claim 7; and 
the olefin polymer (E) as defined in claim 8 

said propylene polymer composition containing the propylene homopolymer (A5} in an amount of 5 to 95% by 
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weight, the propylene polymer (A6) in an amount of not more than 95% by weight, the olefin elastomer (D) in 
an amount of not more than 95% by weight and the olefin polymer (E) in an amount of not more than 95% by 
weight. 

13. A propylene polymer conposition comprising: 

5 to 95% by weight of (AT) a propylene copolymer which is characterized in that: 

(1) the propylene copolymer is obtained by copolymerizing propylene and at least one a-olefin selected 
from ethylene and a-olefins of 4 to 20 cartx}n atoms in the presence of 8Ui olefin polymerization catalyst 
comprising: 

(i) (h) a transition metal compound represented by formula (I), and 

(ii) at least one compound selected from the group consisting of 

(b) an organoaluminum oxy-compound, and 

(0 a compound which reacts with the transition metal compound (h) to form an ion pair, and 

(2) the propylene copolymer contains constituent units derived from propylene in an anraunt of not less 
than 90% by mol; and 

5 to 95% by weight of (A6) a propylene polymer, which contains constituent units derived from propylene in an 
amount of not less than 90% by mol and is different from the propylene copolymer (AT). 

14. A propylene polymer composition comprising: 

the propylene copolymer (AT) as defined in claim 13. in an anrx)unt of 5 to 95% by weight; and 
the olefin elastomer (D) as defined In claim T, in an amount of 5 to 95% by weight. 

15. A propylene polymer composition comprising: 

the propylene copolymer (AT) as defined in claim 13. in an amount of 5 to 95% by weight; and 
the olefin polymer (E) as defined in claim 8. in an amount of 5 to 95% by weight. 

16. A propylene polymer composition comprising: 

the propylene copolymer (AT) as defined in claim 13 
the propylene polymer (A6) as defined in daim 13; and 
the olefin elastomer (D) as defined in claim T; 

said propylene polymer composition containing the propylene copolymer (AT) in an amount of 5 to 95% by 
weight, the propylene polymer (A6) in an amount of not more than 95% by weight and the olefin elastomer (D) 
In an amount of not more than 95% by weight 

17. A propylene polymer composition comprising: 

the propylene copolymer (AT) as defined in claim 13; 
the propylene polymer (A6) as defined in daim 13; and 
the olefin polymer (E) as defined in claim 8; 

said propylene polymer composition containing the propylene copolymer (AT) in an amount of 5 to 95% by 
weight, the propylene polymer (A6) in an amount of not more than 95% by weight and the olefin polymer (E) in 
an amount of not more than 95% by weight. 

18. A propylene polymer composition comprising: 

the propylene copolymer (AT) as defined in claim 13; 
the olefin elastomer (D) as defined in claim T; and 
tiie olefin polymer (E) as defined in claim 8; 

said propylene polymer composition containing the propylene copolymer (AT) in an amount of 5 to 95% by 
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weight, the olefin elastomer (D) in an amount of not nfiore than 95% by weight and the olefin polymer (E) in an 
amount of not more than 95% by weight. 

19. A propylene polymer composition comprising: 

the propylene copolymer (AT) as defined in claim 13; 
the propylene polymer (A6) as defined in dalm 13; 
the olefin elastomer (D) as defined in claim 7; and 
the olefin polymer (E) as defined in claim 8; 

said propylene polymer composition containing the propylene copolymer (AT) In an amount of 5 to 95% by 
weight, the propylene polymer (A6) in an amount of not more than 95% by weight, tiie olefin elastomer (D) in 
an amount of not more ttian 95% by weight and the olefin polymer (E) in an amount of not more than 95% by 
weight. 
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